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FOREWORD

The Educational Technology and Training Simulation Technical
Area of the U. S. Army Research Institute (ARI) has been concerned,
in part, with evolving and evaluating alternative control systems
for both unit field training exercises and command and staff
training during command post exercises. The overall objective has
been to develop testable concepts, evaluation techniques, and
principles for applying automation, simulation, and training
technology in a unit setting.

One training control system addiessed within this program was
the Combined Arms Tactical Training Simulator (CATTS). This report
describes research on the interaction of the components of the CATTS'
control system —— a computer simulation and human controllers--during
training exercises conducted at Fort Benning, Georgia, for the
purpose of testing the feasibility of the CATTS concept. ARI
conducted this study to obtain insights about the extent to which

the computer simulation served as an effective control system during
these exercises.

This effort was responsive to requirements of RDTE Project
2Q763743A771, System Embedded Training Development, FY76 Work Program,
and to special requirements of the CATTS Directorate, TRADOC. ARI
research in this area has been conducted as an in-house effort
augmented by contracts with organizations having special capabilities
for specific research tasks. The present study was conducted by the
ARI Fort Benning Field Unit with contractual support from the Columbus
Office of the Human Resources Research Organization, Alexandria,
Virginia.
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@ SUMMARY

This document reports a study conducted by the Fort Benning Field Unit
of the Army Research Institute for the Behavioral and Social Sciences (ARI)
on the demonstration model of the Combined Arms Tactical Training Simulator
(CATTS). The study was undertaken as part of ARI’s research support of the

g CATTS Directorate during system definition research on CATTIS. The overall
purpose of system definition research was to develop a Training Device
Requirement and user input to technical specifications for a follow-on
version of CATTS. The present study was to describe the flow of informa-
tion in traning exercises conducted du:ing the research period. This
document presents the results, conclusions, and implications of that
research.
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INTRODUCTION
BACKGROUND ON CATTS

CATTS Concept

Technological advances in such areas as firepower and movement have
increased a command group’s capabilities for commanding and controlling the
execution of tactical operations. These advances have also increased the
complexity and scope of command. The Army determined that a need exists to
improve through training the capabilities of a commander and his staff to
conduct tactical operations on the modern battlefield. The Combined Arms
Tactical Training Simulator (CATTS) was proposed as a potential means of
meeting this training need. According to the CATTS concept, training
personnel assisted by a computer complex would create a simulated tactical
environment. This environment would require a command group to cope with
stresses and problems that realistically approximate actual combat. To
test the feasibility and effectiveness of the CAITS concept, a demonstra-
tion model was developed and assembled for operation at Fort Benning,
Georgia, in the fourth quarter of FY 75,

[

The demonstration version of CATTS had three general components: a
mathematical model (math model), control subsystem, arl player group. The
math model was designed to simulate in real time the dynamic interactions
of the parameters of modern tactical operations. Through the control
subsystem, the math model was to be interactive: (l) provide credible
information about events simulated by it and (2) take into account
decisions made by members of a command and control group. The control
subsystem was composed of three elements: (1) mechanisms for receiving
outputs o& the math model,' (2) mechanisms for making inputs to the
computer, < and (3) a set of controllers. During system definition
research, the controllers served various functions. They directly
interacted with the math model by receiving computer outputs and making
command and control inputs. Controllers also managed enemy (red) forces
and assumed the military roles of subordinate, adjacent, and higher

1. Through the output mechanisms, computer-generated information could be
obtained from the following sources during an exercise: graphics, alerts,
special status reports, l5-minute summaries, or radio-teletype (RATT)
messages.

2. After an exercise had been initiated, the inputs to the computer
intended to influence the tactical situation are known as ''command and
control inputs." These were made through the use of the graphic CRT and
analog graph pen and tablet.



commanders of the player’s forces (blue). In terms of the latter roles,
they communicated with members of a player group to provide information
about the unfolding operation and to receive the players’ commands,
decisions, and information requests. Thus, interaction between the math
wodel and players was mediated by the control subsystem, controllers in
particular. Consequently, this subsystem appeared to be critical to the
feasibility of CATIS. In the training exercises conducted with the
demonstration version of CATTS, the player group was composed of a
battalion commander and selected members of his staff (the $2, $3, FSCOORD,
$3-Air, and ALO). The player group was located in a simulated tactical
operations center (TOC). From the TOC, players communicated with
controllers through c nications equipment similar to that typically
found in an actual TOC.

System Definition Research

As originally scheduled, the demonstration version of CATIS was to
undergo a six-month Uperational Test 1 (OT 1). The OT I was canceled due
to apparent difficulties associated with the math model. OT I was replaced
by a period of research referred to as "system definition research". The
Program Director (PD) of the CATTS Directorate, located at Fort Benning,
Georgia, had implementing authority for this period of research. The
general purpose of the research was to exercise the CATIS system and
collect data in order to (1) identify limitations and capabilities of the
hardvare/softvare (HS/SW), (2) articulate plaans for use(s) of a second-
generation system, and (3) provide input to technical specifications for
the Training Device Requirement (TDR) for a second-generation system.

As part of system definition research, five battalion-level "command
groups” underwent three training exercises. Two of the groups were
incumbent command groups, one active duty and the other National Guard.

The other three were ad hoc command groups assembled from various TRADOC
Centers. The three training exercises consisted of two defensive »
operations and one attack. All were conducted in a free play mode. Prior

#
3. This brief description of the system is not comprehensive. In
particular, it does not cover the umpire or observer area from which tape
recordings of communications vere made as part of this study. For a more-
thorough description, the reader is referred to the Training Device
Requirement (U.S. Army Infantry School. Training Vevice Requirement for
the Combined Arms Tactical Training Simulator, Fort Benning, Georgia, March
1973) and the operator’s manual for CATTS (TRW Systems Group. Operator’s

Manual for Combined Arms Tactical Training Simulater Device 16A3, Redondo
Beach, California, June 1975). N
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to the start of an exercise, math model parameters were set up according to
the tactical operation plans. During execution, coatrollers received
computer outputs representing information about the developing battle.
Controllers’ reactions to the outputs were based on their perceptions of
vhat would constitute realistic actions in their assumed military roles and
the tactical situation modeled by the computer. Such actions included
communication wvith members of the command group who, in turnm, communicated
their inputs back to the controllers. These would then be implemented by
controllers, perhaps through command and control inputs to the math model.
. In this manner, training exercises in CATIS were to be based on the dynamic
output of interaction between beginning conditions and inputs made to the
% math model during play, as opposed to events comprising fixed training
. scenarios developed at the start of exercises.

M

ARL’S STUDY

The present study vas undertaken as part of ARI’s support of system
definition research. The purpose was to study the flow of information
among the math model, controllers, and players during CATTS training
exercises. These processes were viewed to be critical to adequate
development and evaluation of CATTS. The study was designed so that issues
related to controller-to~player communications and players’ decisions were
investigated in separate phases.

.

3 Research Concept

ARI had provided both contractual and in-house research support for
Operational Test I (0T I) of CATIS. After OT I was canceled, PD CAITS
i indicated the need for continued research support. As plans for system
definition research were near completion, it was determined that ARI’s
study of CATTS would be designed to collect data during the training
exercises already scheduled for the overall research period.

Examination of the free-play tactical exercise approach suggested that
its effectiveness would be dependent on the realism and adequacy of
utilization of the math model during the exercises. To be effective, the
math model needed to realistically simulate the modern battlefield at a
level appropriate for training. Moreover, two characteristics of the

: system needed to be utilized: (1) realistic outputs of the math model
needed to be communicated to players and (2) the model needed to be
interactive with players. That is, the training conditions would need to
create opportunitites for players to make decisions which could be
communicated to and taken into account by the math model to change the
modeled tactical operation. ARI‘’s study concerned the manner in which
these two characteristics were manifested in the training exercises during
system definition research.
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Research Objectives

The purpose of ARl’s study was to describe the flow of information
among the math model, controllers, and players. Controllers’
communications to players were examined to determine the manner in which
they were related to outputs of the math model. Players’ decisions,
controllers’ responses to these decisions, and the feedback received by
players were also investigated. More specifically, the following issues
were addressed:

1. the ext ut to which controllers’ communications were based on
computer (math model) outputs.

2, the extent to which the various computer outp-it sources were
utilized by controllers.

3. whether information received by players during an exercise was
based on computer outputs.

4. whether and how computer outputs were changed by controllers in
communicating them to players.

5. the decisions that players communicated to controllers.

6. whether controllers enacted players’ decisions by interacting
with the computer.

7. whether players received feedback about their decisionms.

Research Design

The study was designed and executed in three phases. The first phase
involved the first two groups trained during system definition research.
In this phase, controller-to-player communications (l-4 above) were
addressed. Exercises for the first player group were used to pilot test
observation instruments., Data on controller-to-player communications were
collected during two training exercises for the second group. The second
phase spanned the third and fourth player groups and addrvessed the issues
related to players’ decisions (5-7 above). Data were collected during four
training exercises, two for each group. In the third phase, a question-
naire relevant to both controller-to-player communications and players’
decisions was developed and administered.

In the first two phases data collection was limited to: (l) the
activities of two controllers who served as forward company commanders and
(2) communications of these controllers with players. In the CATTS System,
there were three controller consoles, with three controllers per console.

The controllers at the forward company console served as forward
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company/team commanders and commanded the maneuver eiements of the players’
battalion. Controllers at the fire support console assumed military roles
which provided artillery and fire support to the players’ battalion.
Controllers at the aggressor console either managed agressor forces or
served as commanders of higher and adjacent units of the players’
battalion. The research issues were such that data on relatively
concurrent activities taking place in different parts of the system needed
to be collected. Resources, however, would not permit sufficiently
complete data to be collected on the activities of all controllers and

- players. Consequently, research was limited to those portions of a command
and control system responsible for the tactical planning and execution of
an operation -- players on the battalion command radio/telephone channels
(the battalion commander, S3, or their representative) and forward company
commanders.

For clarity of presentation in this document, methods and results will
be presented separately for each of the research phases. The next section
reviews the methods used to collect controller-to-player communications
data and the results of this first research phase. In a subsequent
section, methods and results for the issues concerning players’ decisions
are presented. In the last section of this document, all seven issues are
discussed together.
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CONTROLLER-TO-PLAYER-COMMUNICATIONS
METHOD

Training Exercises

The data on controller-to-player communications were based on two
training exercises for a command group assembled from officers located at
an Army career officer school. One exercise was a defense operation based
on the "FEBA GOLD" scenario. The other exercise, an offense operation, was
formed around the "ATTACK" scenario. Descriptions of the exercises are
included in Appendix A,

During both of these exercises, activities and communications data \
were gathered from two controllers serving as forward company commanders. {
The two controllers observed during an exercise were selected »n the basis 3
of the tactical operation plan for the exercise. Accordingly, two

controllers whose teams/companies were to be principal maneuver elements (
during an exercise (that is, forward teams during the defense or part of >
the attacking echelon in the attack) were selected. In both exercises, the }
observed controllers occupied left and right positions at the forward

company console. It should be noted that the controller at the left ¥

* vole position was located nearest to the A/N CRT over which computer-
# rated alerts and special status reports were displayed. He also
Gl ited the input mechanisms for the A/N CRT and, thereby, tended to
coutrol the display of alerts and special status reports.

As originally planned, the communications of the player battalion
commander (CO) and operations officer (S3) with the observed controllers
were to be studied. This was to be accomplished by monitoring and
recording communications over the battalion command net and designated
telephone lines. During portions of the exercises, however, a radio-
telephone operator (RTO) actually communicated over the radio and telephone
in lieu of the CO or S3. When this occurred, the RT0’s communications were
monitored, recorded, and then later analyzed as if they were communications
of the player CO/S3. It was assumed that the RTO was a messenger for the
C0/S3 and that his communications reflected their instructions.

Observation Procedures

During the execution phase of each exercise, each controller was
independently observed by a researcher. A total of three observers
participated. All were experienced military officers, two active duty (03
and 05) and one retired (06). An attempt was made to distribute assignment
of observers to controllers so that the same researcher did not observe the
same controller in both exercises.
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Two type of data were collected while directly observing controllers.
One type concerned the general performances of a controller during an
exercise (regardless of his assumed military role) in communicating with a
player or in interacting with computer input/output mechanisms. Eight
categories of performances, referred to as "activitiy patterns", were
defined. They were:

l. communicating with players (other than the player CO or iS) or
other controllers via radio, telephone, intercom, or face-to-face.

2. communicating with the player CO or S3 by radio or telephone
(referred to here ae "player-to-controller communications").

3. developing or receiving RATT messages.

4, receiving or disposing of alert messages.

5, eliciting and otherwise handling special status reports.
6. acquiring information from l5-minute summaries.

7. making command and control inputs.

8. wmonitoring the situation (for example, viewing graphics displayed
on the graphics CRT).

The second type of data was collected to facilitate later identifica-
tion and content analysis of tape-recorded controller-to-player
communications. For each observed controller-to-player communication,
(item 2, above), the following data were recorded:

1. game time of communication.

2. communication means (radio or telephone).

3. initiator of ccamunication.

4., whether controller provided information.

5. whether the controller sought information bearing on the
coamunication after the communication had been initiated.

4. This activity pattern was defined so as to exclude communications
representing other activity patterns (see Appendix B).



The procedures followed by the observers in collecting the data are
detailed in Appendix B. In general, an observer recorded occurence of a
controller’s activity patterns and the sequence of their occurrence. For
each controller-to-player communication, identifying information was then
recorded. Charting of the sequences of activity patterns was then resumed.
This process was repeated throughout the exercises.

Controller-to-player communications were also tape recorded during the
exercises using outlets in the observer area. To the extent possible,
verbatim transcrips of the relevant communications were made. The
transcripts were used in conjunction with the tape recordings for the
content analysis. Computer printouts of alert messages and l5-minute
summaries generated during the exercises were also obtained for the content
analysis.

Procedures For Content Analysis L

The above records were content analyzed to obtain judgments relevant
to the first four research issues (See p. 4). For each exercise, each
controller observer independently analyzed each tape~recorded communication

to the player CO/S3 in sequence of occurence. The researcher then judged ﬁi
who initiated the communication and whether the controller provided the gbf
player information. :

When the controller had provided information to a player, the analyst
performed three additional steps. First, the topics or items of infor-
mation communicated were identified and listed. Second, the potential
source(s) of each communicated item was identified by determining both the
computer output source(s) that could have provided the information and
whether the controller’s activity patterns indicated that he had consulted
that output source. Thus, a computer output source was judged a likely
source of communicated information only if (1) the source could have
provided information like that communicated to ti:i® player and (2) the
controller had consulted the source prior to the communication. The third
step identified transformations of computer outputs, defined as differences
between the information displayed in the relevant computer outputs and in
information communicated to a player. In order to identify differences,
the analyst assumed that the sources, which appeared to have provided an
item of information to the controller, had actually done so. He then
judged whether one or more of the following had occurred:

5. Input mechanisms for the A/N CRT allowed printing of special status
reports as they were elicited during an exercise. It was not possible,
however, to print status reports because the time required to do so would
have interferred with the timely receipt of alert messages.




.

l. form alteration =~ the information communicated to the player was
essentially the same in denotative meaning as the output(s); however, it
was expressed in a different manner or form.

2. alteration of detail =-- the information in the communication was
not at the same level of detail as that in the computer output(s).

3. deletion of information =~ the computer output(s) consulted by the
controller provided information about parameters not transmitted to the
player.

4., addition of information -=- the output(s) consulted by the
controller provided the types of information communicated to the player;
however, the controller added information about variables not represented
in the output(s).

Certain features of the procedures just described should be under-
scored. The first concerns the meaning of the judgments made about the
output sources. Such judgments do not imply that information communicated
to the player was an exact replication of the information provided by the
related output source. Rather, the judgement was that the communication
was probably based on that source. Transformations of outputs were
investigated partly because of anticipated elaborations and changes that
typically occur when parties relay information. Second, in a
communication, more than one topic or item of information was often
communicated. Third, information provided by the output sources was not
mutually exclusive so that more than one output source was often attributed
to a communication. Likewise, it was possible for more %han one
transformation to be reflected in a given communication.

6. As two individuals had independently analyzed each recorded communication,
procedures were needed to resolve conflicting judgments. Accordingly, one
analyst reviewed the judgments of both in conjunction with the recorded material
and resolved conflicts in those data to be further analyzed and reported here.
Four steps were involved in the conflict resolution: First, it was necessary to
insure that the judgments of each analyst were based on the same communications.
Entries on the content-analysis forms (that is, data sheets) referencing the
game times of communications were checked. When discrepancies were found, the
content of communications (that is, the subjects or items communicated) were
used to match the forms of the two analysts. Second, discrepancies between
judgments about the sources of communication were resolved by consulting
observation data on activity patterns and comparing the content of a communi-
cation with the actual (alerts) or likely (graphics and special status reports)
content of computer outputs. Third, differences in the descriptions of items of
information communicated to players were arbitrarily resolved by the reviewer.
Fourth, conflicts of judgments about transformations were resolved by reviewing
the tape recorded communications.



The variables about which judgments were made in the content analysis
are defined more completely in Appendix B. The procedural guidelines and
content-analysis forms used by the analysts are also presented there.

Controller Questionnaire

Approximately 10 days after the last training exercise, controllers
were administered a semi-structured questionnaire to obtain their opinions
as a supplement to the direct observation and content-analysis data. The
questionnaire was developed by ARI after all observational data reported in
this document had been collected. Each controller responded to the
questionnaire at his own pace after having its purpose explained by a
researcher. Eleven of 12 controllers responded in time for this report.

The questionnaire is presented in Appendix C. Descriptions of the 1l
respondents are also provided. Responses to those questionnaire items
which directly bear on the research issues are presented in the body of |
this document. Responses to all items are included in the appendix. |

RESULTS ¢

The results of controller-to-player communications are presented by
related research issues. The time available for planning and executing
the research did not afford the opportunity to pretest data-collection
instruments or to conduct reliability checks to the extent desirable.
Consequently, the patterns of data are probably more meaningful than the
exact numbers presented.

- TR
'¢,;-{“"

Communication and Related Output Sources

The first research issue concerned the extent to which controllers’
communications to players were based on outputs of the computer (math
model). The data most directly pertinent to this issue were obtained from
the content analysis of player-to-controller communications. Each
controller communication of information to players was examined as
described earlier. Table 1l presents the frequeacy and proportions of
communications judged to have been based on information from the various
combination of computer-output sources. This table indicates that 98% of
the communications were judged to have been based on one or more outputs of
the computer.
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Tablel
Frequency & Proportion of Communications

Based on Output Sources: Content Analysis

| 3

i Output Exerclae
y Sources Total
Defensed Attack?®
| 28 20 '
F Graphics (G) 46 .29 .37
1 5 6
Alert (A) .02 .08 .05
Special Status ! 9 :
Report (R) 11 0o 05
4 21 25
G&A .07 .30 19
15 9 24
C&s 25 .13 .18 i
0 1 1 |
AbS / .01 .01
4 12 16
AG&S .07 17 .12
2 1 3
Fabrication .03 .01 .02
61 69 30 i
Total 1.00 1.00 1.00 ‘

AData are based on one training group. Top number in a
cell represents the frequency of communications, bottom
number the proportion.
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During the exercises, observation records were maintained of the
instances in which a controller sought information while he was communi-
cating with a playgr. The observers recorded 162 communications across
the two exercises. Records indicate that controllers sought information
during 121 of the 162 communications. Table B-1 in Appendix B shows that
controllers sought information from seven sources of information. In this
table, it appears that for the 121 cormunications, controllers consulted a
total 186 sources. Of these 186 instances, 148 involved consultation with
a computer-output source.

Several items in the controller questionnaire concerned the first
issue. In response to item 43, controllers were to e¢stimate the extent to
which feedback to players decisions was based on computer outputs.
Responses (medians) of controllers at the forvard company console indicated
that .40 of the feedback was completely based on computer outputs and that
+30 feedback was based on a combination of computer-generated and
fabricated information. Two items (27 and 54) directly addressed whether
controllers had provided players information that either conflicted with or
vas not provided by outputs of the computer. In responding to these items,
several controllers acknowledged that they had deviated from math model
outputs. The reasons cited for doing so appear to fall into one of two
general categories: (1) the desire to create a realistic atmosphere and
(2) areas of inaccuracy and incompleteness in the math model. In the
responses to several items (see items 6 and 27, Appendix C, as examples),
consistent references were made to one area in which the model is
inadequate: weapons and their effects.

In summary, the findings relevant to the first research tssue suggest
that information communicated to players during training exercises tended
to be based on outputs of the math model (p = .90), Responses to the
questionnaire seem to indicate that controllers supplemented or otherwise
manipulated computer-generated information prior to communicating it. The
latter is more thoroughly addressed as part of the issue on
transformations.

7. This number is higher than the 130 communications extracted from the
tape recordings. The difference probably reflects two main sources of
error. First, observers were likely to have recorded information about
communications made by controllers in roles other than forward company
commander. Second, there were gaps in the tape recordings. A principal
reason for emphasizing the results of the content-analysis is that the
tape-recorded communications were available for repeated analysis.

12
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Utilization of Computer OQutputs

The second research issue concerned the utilization of computer
outputs. Both the content analysis and the activity patterns bear on this
issue. These data are supported and supplemented by controllers’ responses
to the questionnaire.

Table 1 displays the frequency and proportion of communications judged
to have been based on computer-outputs. Data in the table suggest the
following:

l. Information provided by graphics appears to have been represented
in communications to players more frequently than information provided by
any other output source.

2. The tendency for communications to be based on graphics alone was
greater in the defense than in the attack.

3. The second most frequent source of communicated information
appears to have been special status reports for the defense and alert
messages for the attack exercise.

4. No communication was based on a l5-minute summary.

Tables 2 and 3 display, for the defense and attack respectively, the
frequency of communications providing information judged to be based on the
various output sources. In the two tables, communications are further
sorted in terms of, first, the initiator of the communication (that is, the
observed controller or the player CO/S3) and, second, the controllers’
positions at the company controllers’ console. Data presented in these two
tables tend to indicate the following:

1. In both exercises, communications of the controller at the left
console position appeared to convey information from special status reports
more frequently than communications of the controller at the right comsole
position.

2. Compared to the attack, a greater frequency of communications in
the defense appears to have been intiated by players.

As described earlier, two steps were taken to determine the output
sources on which a communication was based. The items of information
communicated to players were first extracted. The potential output
source(s) of each communicated item was then identified. Tables 4 and 5
display findings for items of information (as opposed to those for
communications as a whole presented in Tables 1-3). Table 4 presents the
frequency and proportion of all items communicated to players judged to be
based on the various output sources. Certain information items (for

13



Table 2
Initiation of Communications During Defense

Exercise: Content Analysis'

Controller Position
Sources L‘ f t Ri ht TOTAL
LConlulted Controller| Player Controller Plaver
Initiated Initiated | Initiated Initiate
I
Graphics(G) k) 12 7 6 28
Alert (A) 0 0 1 0 1 |
|
Ao
Special Status ;* 5
Report(S) 2 2 2 1 7 ‘ >
G& A 1 1 2 0 4 |
G&S 7 6 2 0 15
A& S 0 0 0 0 0
A& G&S 0 1 1 2 4
Fabrication 0 2 0 0 2 .
‘Total 13 24 15 9 61

‘Datn are based on one training group. They represent the frequency
of communications that were initiated by a player or the controller and
that contained information judged to be based on the various output aources,
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Table 3
Initiation of Communications During Attack

Exercise: Content Analysisa

L Controller Position
Sources
Consulted Left Right TOTAL
Controller Player ontroller Player
Initiated | Initiated {Initiated Initiated
Graphics (G) 12 3 2 3 20
Alert(A) 1 0 3 1 5
Special Status
Report(S) 0 0 0 0 0
G& A 6 5 10 0 21
G&S 5 2 2 0 9
A& S 0 0 1 0 1
A&GS§&S 7 5 0 0 12
Fabrication 0 1 0 0 1
' Total 31 16 18 4 69

%Data are based on one training group. They represent the frequency of
communications that were initiated by a player or controller and that
contained information judged to be based on the various output sources.

15




Table &

Frequency & Proportion of Information Items Based

on Output Sources:

Content Analysis

Sources Exercise

Consulted = = Total
Defense Attack

4

Graphics 2 44 o 36 u 39
1 7 8

Alert(A) .01 .06 .04

Special Status 6 1 7

Report(S) .08 .01 .04
4 3?7 41

GIECA .06 231 .22
22 11 33

i b .31 .09 .17
0 2 2o 2

Ak S .00 _-7.02 .01
5 17 22

£iS4GRERS .07 14 .12
2

Fabrication 03 L 01 > 01

T 1 72 118 190

ota 1.00 .00 1.00

3pata are based on one training group.

a cell represents frequency, bottom number proportion.
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Table 5

Frequency of Separate Information Items

Based on Output Sources: Content Analysis

S " Exercise Total
Consulted Defense® |Attack®

Graphics (GS) 14 14 28
Alert (A) 1 5 6
foeny il :
G&A 4 12 16
G&S 10 6 16
A&S 0 2 2
A&G&S 5 3 8
Fabrication 2 1 3
Total 41 44 85

8Data are based on one training group.

17
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example, information about the locations of units) appeared in more than
one communication, and each occurence of an item is reflected in the
figures in Table 4. Table 5 displays the frequency of separate items
communicated by controllers;8 thus, this table tends to demonstrate the
variety of different subjects based on the combinations of output sources.
The data in both tables display the trends observed for frequency of whole
communications.

The items of information extracted from the communications are
summarized in Tables B-2, B-3, B-4, and B-5 in Appendix B. Items are
listed according to the output source(s) that potentially provided the
controller information about them. Inspection of these tables suggests
that graphics were especially used by contrullers to obtain information
relevant to fires (artillery and air) and location/movement. Information
items based on special status reports appear to have referred to a unit’s
strength and status. Communications based on alerts appeared to concern
the status of units, losses, strength, and disposition.,

The frequency and proportion of each controller’s activity patterns
observed in training exercises are displayed in Table 6. "Monitor the
situation” was the most frequently observed activity pattern. This
activity pattern included instances in which the controller appeared to be
obtaining information from the graphics CRT. Assuming that such instances
comprised a major proportion of performance classified as "monitor the
situation", these findings further suggest the importance of graphics as a
source of information for controllers. Differences between controllers
located at the different console positions are also of interest. In
particular, the controller at the left console position shifted activity
patterns more frequently than the controller at the right position. The
cause of this difference is not readily apparent. There was essentially no
difference between the two controllers in proportion of "alert message"
activity patterns. Compared to the right controller, however, a greater
proportion of the left controller’s activities was associated with the use
of "special status reports." These findings for alert messages and special
status reports are of special interest since the left controller operated
the input/output controls for these two sources of information.

8. The separate subjects for each controller were combined to form
‘fable 5. Thus, the figures in Table 5 are inflated by those items which
both controllers comaunicated.
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The questionnaire was constructed to obtain three general categories
of data about the utilization of computer-output sources: (a) estimates of
the relative utilization of the output sources, (b) types of {nformation
obtained from the three principal sources (graphics, alerts, and special
status reports), and (c) problems associated with their use. Responses
concerning the relative use of output sources are presented first.
Responses to other items are organized according to output source.

In response to item 5, each controller ranked six sources in terms of
the extent to which he obtained information from them during a training .
exercise. The median ranking of the respondents who had served as
controllers at the forward company console was as follows, from most to
least frequently used: graphics, alerts and special status reports (tied), . §
other controller, RATT messages, and l5-minute summaries. This order is
congruent with results reported earlier.

Several questionnaire ftems concerned graphics (items 1, 8, 17, 19,
20, and 23). Item | investigated controllers’ perceptions of their use of
graphics information. 1t asked for ratings of 73 items of iunformation -
presented through graphics in terms of the following: (a) the frequency P
with which a controller used each item of information, (b) the importance
of the item to the controller, and (c¢) the extent to which the ftem was
reflected in his communications to players. For each item listed, the
median rating for controllers at each console (forward company, fire !
support, or aggressor console) was calculated. These ratings are presented
in Appendix D. The median ratings of the controllers at the forward
company console for the three questions were correlated across the 73 items
using the Spearman rank-order corrvelation coefficient. The correlation
coefficients were as follows: (a) .91 of f{requency of use with perceived
importance, (b) .83 fiequency of use with frequency reported to players,
(¢) .75 perceived importance and frequency reported to players. All
coefficients were positive and statistically significant (p € .05).
Responses were also analyzed for differences between the ratings for red
and blue graphical items. That is, the list (see Appendix C) was composed
of 37 different items; 36 of which were presented twice, once as informa-
tion about own (blue) forces and once as information about opposing (red)
forces. For each question, median responses to all red and all blue items
were computed. As would be expected, the items of information about own
forces were rated more ifmportant (Md = 3.0) than information about opposing
forces (Md = 1.3)., Similarly, controllers’ responses suggest that )
graphical information about own forces tended to be reported to players
(Md = 1.0) wmore frequently than graphical information about red forces
(Md = .3). Controllers’ ratings for frequency of use were slightly higher .
for information about own forces (Md = 1l.4) than for information about
opposing forces Md = 1.0).
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Items 17-20 and 23 concerned problems associated with the use of
graphical information and the graphics CRT. The types of problems most
frequently cited suggest that the graphics CRT was a valuable control
mechanism and that there was competition for its use. In item 20, for
example, controllers were presented a Jist of difficulties potentially
associated with the use of computer-generated information. At least two of
the three respondents from the forward company console endorsed the
following:

l. Delay in locating information on the graphics CRT because the map
scale was too large.

2. Delay in locating information on the graphics CRT because the map
scale was too small.

3. Delay in locating information on the graphics CRT until the
proportion of the map being displayed could be changed.

4. Display of graphic information blocked by command and control menu
options.

5. Delay in locating graphic information because the center
controller was involved in other duties.

All three controllers described the fifth problem as significant.

Of the questionnaire items concerned with alerts, responses to items
2, 17, 18, 19, and 23 are most pertinent here. Item 2 presented
controllers with a list of 30 alert messages that could have appeared on
the A/N CRT during a training exercise. Each message was rated by a
controller as to (1) the extent to which he used the alert, (2) the
importance of the information to him in his role as a controller, and (3)
the extent to which the information was reflected in his communications to
players. Responses to this item were scored as they were for item 1.
(Appendix D contains the median ratings of controllers.) For controllers
at the forward company console, the median ratings of frequency of use,
importance, and frequency reported to players were correlated across the 30
items., The Spearman rank-order correlation coefficients were as follows:
(a) .90 for frequency of use with importance, (b) .91 for frequency of use
. with frequency reported, and (c) .87 for importance with frequency
reported. All three coeffieicents were statistically significant.

. Controllers’ responses to items 17, 18, and 19 indicated several
problems asgociated with the use of alert messages. Problems cited were
grouped into three general areas. One area pertains to the timing of the
receipt of alerts. This area includes the complaint that information from

21
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alerts was not always available when needed.9 Problems involved in clearing
alerts from the A/N CRT were also mentioned. A second problem area
concerus the formatting of alerts, or the manner in which they were
presented. Two controllers indicated that alert messages were difficult to
read and need to be restructured. The third area consists of the types of
information presented through alerts. 1t appears that alerts routed to a
console did not provide all information desired by controllers located
there. Areas in which one or more controllers believed alerts to be
deficient inciuded (a) casualty reports, (b) current unit status as a
result of casualties, (c) shell reports, and (d) reports on the ammunition
levels of units. ‘

Items 3 and 4 of the questionnaire asked controllers to list the
categories of information that they sought from special reports for blue
and red units. Each respondent formed his own categories from the types of }
information presented in special status ‘reports: unit location; movement b
rate; unit elevation; status of personnel; status of equipment; status of
ammunition; and status of fuel. Respondents from the forward company
console most frequently used special status reports to obtain information
about the status of personnel and equipment. All three controllers,
however, sought all types of information to some extent, with the exception
of unit location and elevation. Each of the latter was used by only one
controller. A similar pattern was obtained for special status reports
about red units with two exceptions. First, special status reports were
used to obtain information abocut the movement rates of red units. Second,
no controller sought information about fuel. Item 13 elicited similar
responses,

L2
td

L}
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Items 17, 18, and 1Y queried problems encountered in using the special
status report. A large number of respondents to these items reported no
difficulty in using special status reports. From the responses of other
controllers, however, two general categories of problems were identified.
One category pertains to information presented in special status reports.
This category included complaints by one or more respondent about (a) the
format of the special status report, (b) the types of information
presented, and (c) the amount and detail of information in special etatus
reports. The second category consiets of problems related to output

9. The controllers had to dispose of alert messages once they appeared on
the A/N CRT. One means was to clear or drop the alerts from display. A
message would remain on display (thereby, possibly blocking receipt of more
current alerts) until it was disposed of.
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mechanism. For example, it was time consuming to accomplish any of the
following: (a) request a single special report, (b) print a special status
report, or (c) request a series of special status reports. The multiple
functions of the A/N CRT appear to have contributed to these and other
problems. Based on responses to item l7, for example, requesting a series
of special status reports was time consuming due to the display of alert
messages between each successive status report in the series. RATT
messages, which appeared on the A/N CRT, also pre-empted special status
reports. The second category included other responses suggesting that the
method for requesting special status reports could be simplified or made
less error prone.

Item 20 also elicited descriptions of four potential problem areas
related to the use of special status reports. Of the three controllers
from the forward company console, two reported two problems: (a) delays in
requesting a special status report because the A/N CRT was being used for
another function; and (b) delays in obtaining a special status report
because the operator of the A/N CRT had other duties to attend to. These
responses further suggest that the multiple functions of the A/N CRT
created difficulties in interacting with the math model.

Questionnaire item 23 asked about graphics, alerts, and special status
reports. Controllers were questioned about a need for additional output
devices. Of 12 respondents, eight responded affirmatively. In describing
the needed device(s), most of the controllers were unfortunately vague.

For example, five described the needed device as a "CRT" for each
controller, without specifying whether the need was for a graphics CRT or
for an A/N CRT. Thus, the responses to item 12 suggest a general need for
additional output devices; however, definitive responses about this need
vere not obtained.

As mentioned earlier, no controller-to-player communication was judged
to have been based on a l5-minute summary. Throughout the observation
period, no controller was observed to consult a 15-minute summary for the
purpose of controlling a training exercise (see Table 6 on the activity
patterns). Controllers were also asked to described their use of the
15-minute summary during training exercises and their reasons for not
having used the summary more often. Only one controller reported that he
had ever used the l5-minute summary; he indicated that he had used it
during two of the five training exercises conducted during system
definition research. Seven controllers provided reasons for not using the
15-minute summary. One set of reasons was assoclated with time. That is,
several controllers reported that required analysis of a l5-minute summary
for relevant information was too time consuming. Two controllers also
reported that information in the l5-minute summary was untimely. A second
set of responses was perhaps implied by those just presented. These
suggested that use of the l5-minute summary was limited because of the
difficulty of reading and understanding it. The third set of responses
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concerned the value of information contained in the l5-minute summary.
That 1is, three respondents indicated that the information was not needed.
In general, then, the l5-minute summary was not used because the
information in it was not perceived to be valuable enough to ignore other

responsibilities and to exert the effort required to make use of it given
the time constraints.

In summary, these data indicate that graphics, alert messages, and
special status reports were the more frequently used sources during an
exercise. Alone, or in combination with other sources, graphics were the
single most frequently used source. Information communicated to players
was largely based on these output sources as well. The use of these three
outputs tended to be complicated by certain problems. In terms of
graphics, responses to the questionnaire suggest that there were delays in
obtaining the information desired by an individual controller. The delays a4
appear to be related to competing demands on (or multiple functions of) the
graphics CRT and its operator. There were at least three types of problems
associated with the use of alerts. These pertained to time, the
availability of desired information, and the ease with which information
presented through alerts could be read and understoond. Certain
characteristics of the output mechanisms also affected the use of special
status reports. Finally, results indicated that 15-minute summaries were g
neither used nor useful by controllers in the training exercises during L2
system definition research. '

Player Requested Information

The third issue -- concerning whether information requested (and
received) by players was based on outputs of the computer -- was not
systematically addressed. Taken together, however, various data suggest
the likelihood that information requested by players was based on computer
outputs.

Table 7 is based on the 162 communications directly observed. It
displays the frequency and proportion of controllers’ communications of
information to players. This table shows that controllers provided
information in approximately .80 of their communications to players. As
presented in Table 1, .98 of the observed controllers’ communications were
Judged to have been based on computer-output sources consulted by
controllers. The data displayed in Table 7 also suggest the possibility of
differences between the defense and attack exercises. Compared to
communications in the attack, a greater proportion of the communications
initiated by players in the defensive exercise appeared to be associated
with a controller’s providing information about the tactical situation.

Impressions about controllers’ feedback to players’ decisions are also
relevant. As part of the analysis of players’ decisions, judgments were
made as to whether the feedback had been provided by the controller without
the players’ requesting it. The analysts then estimated whether the
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Table 7

Initiation of Information Communications:

Observation Dataa

Controller Provided
Information
Exercise Controller| Initiator oi Total
Position [Communicatio Yes No
Player 20 10
Left 268 .33 30
Controller 12 86 2 14 14
Defense* = -
10 -~ 5
Right Braysp _~" .67 .33 15
20 _~ 0
Controller || —"1.00 .00 20
Player 2 //// D
Left .53 A7 19
37 - - 0
Attack* Controller |l. —1.00 .00 37
7 6 _—
Right SASVSE 54 1" .64 13
Controller {f/i/ab g /’6; 14
39//,/’ 15 N
Left & Player 6 |—".1 45
Def Right
ense :
Controller 32 //E/
.94 .06 34
17—
Left & Player , 53 > 47 32
Attack Right = . *
Controller _i}’;/;; 9 00 51
47 | 30
Total Player Initiated )
P 7 17
.61 - .39
Total Controller Initiated 83 - 2 ////,
- .98 .02 85
130 1 32
Total -7 .80 .20 162

%Data are based on one training group for each of the defense and

attack.

They represent the frequency and proportion of communications

(a) in which the controller did/did not provide information and
(b) which were initiated by either a player or controller.
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feedback could have been based on computer-generated information. The
analysts’ overall estimate was that requested as well as automatically
provided feedback could have been formed from outputs of the computer.
This impression is compatible with the forward company controllers’
responses to questionnaire item 43; more specifically, they reported .90 of
the feedback was based on either computer outputs alone or a combination of
computer-generated and fabricated information.

Three other questionnaire items are relevant to the third issue. As
part of item 15, controllers were asked whether two types of information
communicated to players were based on computer outputs to the same degree:
information communicated at the controllers’ own instigation and
information reqested by players. Only three of the 10 respondents believed
that there was a difference. Responses of two respondents indicate
information requested by players more closely approximated computer
outputs. That is, these two reported that requested information was less
embellished for purposes of realism; it conveyed less of the "human
elements", panic, and pressure of the battlefield. In response to item 7,
four of 1l controllers reported that the computer failed to provide player-
requested information. Respondents from the forward company and fire
support consoles noted two types of information: reasons why a unit was
stopped and information related to weapons and their effects. Of 10 fé
respondents, four reported that there were occasional delays in
communicating information requested by players. Reasons cited for delays
were: (a) system failures, (b) hardware unavailability, and (c) need to
combine items of information in order to provide the appropriate response.

In summary, .98 of the communications were judged to have been based
on computer outputs. Observers’ impressions and controllers’ reports
suggest that most of the feedback to players’ decisions was based on
computer—generated information. Based on these findings, it is likely that
information requested by players, as well as information automatically
provided by controllers, was based on computer-generated information.
Moreover, responses to one questionnaire item (number 15) suggest that when
requested information was available through computer-generated outputs,
this information may have been more directly communicated.

Transformation of Outputs

The fourth issue concerned ways in which controllers transformed
computer outputs in communicating them to players. Data bearing on this
issue were collected through the content analysis of communications and
controllers’ responses to the questionnaire.

As part of the content analysis, judgments were made about the output
source(s) of each item of information communicated to players. To identify
transformations, the analysts assumed that the information items judged to
be based on one or more sources had actually been based on that source.
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Information items as communicated to players were then compared to outputs
that controllers would have received through the source. In making the
comparisons, analysts determined which of the following transformations
wvere represented in a communication: (a) form alteration, (b) alteration
of detail, (c) deletion of information and (d) addition of information.

Table 8 displays the frequency of communications with information
items judged to exhibit one or more of the four types of transformations.
This table reveals that all 130 communications extracted from the tape
recordings involved one or more type of transformation. The most
frequently identified transformation was alteration of form. As presented
earlier, "alteration of form" involved changes in the manner or form of
expressing information provided by computer outputs without changes in
denotative weanings. According to this definition, all communications
based on graphics would have exhibited alteration of form. Thus, it is
likely that the frequency of form alteration was largely accounted for by
the frequent use of graphics as an informations source. Two other
transformations were identified by the analysts: alteration of detail and.
addition of information. In combination with alteration of form, each of
these transformations was found in over .25 of the communications. These
findings imply that controllers often (l) altered the specificity of
computer outputs (alteration of detail), and (2) communicated information
related to computer outputs but not actually conveyed in the outputs
themselves. Tables B-6, B-7, B-8, and B-9 in Appendix B summarize the
information items judged to exhibit the combinations of alterations. No
relationship between type of information and type of transformation is
readily apparent.

No communication was judged to exhibit deletion of information, that
is, withholding information from the computer outputs on which a
communication was based. This finding is incongruent with impressions
formed from direct observation of controllers perfornnncel.lo and it
appears to suggest that the transformation type could not meaningfully be
applied during the content analysis. For this reason, the transformations
were revised in constructing the questionnaire.

!
f

10. That 1is, through outputs of the math model, controllers had access to
a wealth of detailed information about the tactical situation. It was
obvious that, given the constraints on and nature of training, controllers
were unable to transmit all information to players.
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Table 8

Content Analysisa

Frequency of Transformations:

v " e

Defense Attack I

Transfor-
mation Controller Position Controller Position TOTAL

Left Right Left Right
Form 12 14 27 10 63
Detail 0 0 1 0 1
Deletion 0 0 0 0 0
Addition 3 1 0 1 5
Form/
Detail 12 7 10 2 31
Form/ 0 0 0 0 0
Deletion
Forn/ 8 2 7 7 24
Addition
Detatil/
Deletion 0 0 0 Y 0
Detail/
Addition 0 Y 0 0 0
Deletion/
Addition g g g 9 g
Form/Detail
Addition 2 D 2 e 8
TOTAL 37 24 47 22 130

%Data are based on one training group for each of the defense and attack.
Numbers represent the frequency of communications judged to contain in-
formation items manifesting one or more transformation.
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Item 16 was directly concerned with the transformation of computer
outputs. Each controller was asked to rank three types of transformations
in terms of the frequency with which he made them during a training
exercise and to describe the reasons for making them. The three
transformations rank-ordered by the controllers were as follows: 11l

l. addition -- the communication contained a greater amount of (or
more detailed) information than was contained in relevant computer outputs.

2., different information -- information provided in a comunication
wa.3 inaccurate compared to available computer outputs.

, 3. reduction =-- the communication contained a lesser amount of (or
less detailed) information than was contained in relevant computer outputs.

For the controller having served at the forward company console, the
median ordering of frequency of occurence was as follows (from most to
least frequent): reduction, addition, and different information. Thus, the
forward company controllers believed that they most frequently transformed
computer outputs by reducing the amount or specificity of information
reflected in them. All of the responding controllers (n = 8) cited
"realism" as the reason for reducing information. Respondents expressed
the belief that information reflected in computer outputs tended to be too
detailed or complete to communicate to players in the context of a
realistic battle. Four reasons appear to have prompted controllers to add
information: six respondents cited "realism"; one controller was prompted
by math model "inaccuracies"; three controllers added information to
compensate for areas of "incompleteness" in the math model; finally, two
controllers made this transformation during system failures, that is, when
the model was not providing current information. Similar reasons were
cited for communicating information that differed from information conveyed
by math model outputs. "Inaccuracy" and "incompleteness" of the math model
were cited by three respondents. "Realism" prompted this transformation
for two controllers.

11. In defining the categories, it was recognized that they were not
mutually exclusive. Alteration of form was excluded because of its already
apparent prevalence.
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In summary, the content analysis suggests that controllers tended to
transform information reflected in computer outputs prior to communicating
it to players. Alteration of iorm was the most frequent type of transfor-
mation. In addition, controllers often (1) altered the specificity of
computer outputs and (2) communicated information related to computer
outputs but not actually conveyed in the outputs themselves. Forward
company controllers suggested that reduction was the type of transformation
made most frequuntly, followed by the addition of information and the
communication of different information. Controllers cited the following
reasons for transforming outputs: (l) to promote realism, (2) to compensate
for areas of incompleteness and inaccuracy in the math model, and (3) to i
provide information during period of system failures. {

e
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PLAYERS® DECISIONS
METHOD

Training Exercises

The last three research issues were investigated during two training
groups. For each group, data were collected on performances during the
defense and offense exercises based on the FEBA GOLD and ATTACK scenarios,
respectively. The command group of an active-duty mechanized infantry
battalion participated as the player group in the exercises that are
labelled "Defense-1" and "Attack-1" in later sections of the report. The
player group in "Defense-2" and "Attack-2" consisted of the commander and
staff of a mechanized infantry battalion of the National Guard. More
complete descriptions of the exercises are included in Appendix A.

As in the research on player-to-controller communications, data were
collected on a sample of the participants. In each exercise, the
activities and communications of two controllers serving as forward company
controllers were included. These were selected in the manner described for
controller-to-player communications. In three of the exercises, the
observed controllers occupied the left and right positions at the forward
company console. In Attack-1. the observed controllers occupied the left
and center console positions. The controller at the center position served-
as the operator of input mechanisms for both the display of graphical
information and the e¢ntry of command and control inputs. As originally
planned, decisions communicated to the two forward company controllers by
the player commander (CO) and operations officer (S3) were studied. As
discussed for player-to-controller communications, many of the decisions
included in the study vere actually communicated by a radio-telephone
operator (RTO).

Observation Procedures

During each exercise, each controller was independently observed. The
same three observers served as data collectors for this part of the study.
Observers were assigned to controllers so that the same researcher did not
observe the same controller in all exercises.

During an exercise, each observer focused on two general sets of
activities of a controller. The first set consisted cf the controller’s
communications with the player CO/S3 over the battalion command net and
designated telephone lines. The observer was to identify the docision:
which the player CO/S3 communicated to the controller in his role as
forwvard company commander. The second set involved the command and control
inputs that were made for units modeled by the computer and under the
authority of the observed company commander. By focusing on these twc sets
of activities, the observer identified the following:
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1. game times and summaries of decisions comasunicated from the player
CO0/S3 to the controller.

2. controller’s response to a decision.

3. game time and type of each command and control input made for
units represented in the math model and under the authority of the forward
company commander.

4. source of a cormand and control input, that is, the individual in
the system (player, observed forward company controller, or operator of the
command and control input mechanisms) that appeared to initiate the input.

Appendix D contains the instructions followed by observers in
collecting the data. The types of data collected are more completely
described as well.

Two other records were obtained for use in the content analysis
described later. First, communications between the forward company
controller and the player C0/S3 (or the RTO where necessary) were recorded.
Second, computer records of command and control inputs entered at all four
consoles were also obtained and later analyzed.

Procedures for Content Analysis

The tape-recorded communications were analyzed to document decision
making during CATTS training exercises. Computer records of command and
control inputs were then reviewed to determine whether the decisions had
been implemented through command and control inputs.

Analysis of communications. Two observers jointly analyzed the tape-
recorded (and transcribed) communications in conjunction with data records
made while the exercise were observed. In analyzing the communications,
the researchers made judgments about players’ decisions, a controller’s
response to a decision, and feedback.

The research procedures and variables studied are defined more
completely in Appendix D. In genersl, the two researchers reviewed the
communications between players and a forward company controller to identify
decisions that players (the CO/S3 or the RTO) communicated to the
controller. A decision was defined as the expression of an intention that

actions are to be taken or that some objective, purpose, or mission is to
be achieved.

For each decision, four types of data were collected. First, the game
time and substance of the decision were summarized. Second, observation
records were consulted to determine whether the decision had been
identified when the communications were directly monitored during the
exercise. If the decision had been identified during the exercise, data on
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the observation record were used to determine 1f the decision had been
carried out by the controller by making one or more command and control
input to the computer. If the decision had not been identified during the
exercise, judgments were made as to whether the decision could have been
implemented through command and control inputs, that {is, whether actions
implied by the decision could be enacted through the command and control
inputs available to a controller. Third, judgments about conditions
prompting the decision were made. In particular, judgments were made as to
whether the decision (a) had been directly prompted by conditions or
problems communicated to the players by the forward company controller or
(b) represented a response to general or long-term developments that may or
may not have been reported to the players. Finally, the controller’s
feedback to the decision was identified. For purposes of the content
analysis, feedback was defined as information communicated to the players
by a controller regarding the implementation of a decisifon. The game time
and substance of each coumunication which conveyed feedback were
summarized. Judyments were also made as to whether the feedback had been
automatically provided by the controller, requested by the player, or both.

After all decisions had been analyzed, a researcher (not an observer
during the exercises) reviewed tthe summaries of the decisions and feedback
identified by the first two analysts. The third reviewer’s disagreements
with the summaries were resolved between him and one of the original
analysts.

Analysis of computer records. As described earlier, observers were to
identify each command and control input made for units under the authority
of the observed forward company controllers. Originally, computer records
of command and control inputs were to be analyzed to check the reliabflity
of the corresponding observational data. Due to preliminary findings, the
records were also used to identify command and control inputs made in
response to players’ decisions.

The computer records of command and control inputs provided a variety
of uncollated data describing command and control inputs made during an
exercise. Four items were used to identify and record the command and
coatrol input made for units under the authority of an observed forward
company commander: the time of an input, the type of command and control
input, entries designating the unit(s) affected by the input. and
controller console from which input was entered. These inputs were further
analyzed to identify and record the game time and type of each command and
control input for units under the authority of the observed forward company
controllers.

When the command and control inputs extracted from the computer
records were compared with the supposedly corresponding data collected by

observurs during the exercises, relatively large differences were found.

It was especially evident, for example, that observational data grossly
underestimated the frequency with which command and control inputs had been
made. This raised the possibility that data on the i{mplementation of
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decisions through command and control inputs were unreliable.
Consequently, the command and control inputs extracted from the computer
records were further analyzed in relationship to players’ decisions.

Two researchers 12 jointly analyzed the command and control inputs
extracted from the computer records in conjunction with the decisions that
had been summarized from the tape-recorded communications. As implied
earlier, the command and control inputs relevant to the units of each
controller were listed according to game time and type of command and
control input. The summaries of the decisions, which can be found in
Appendix D, also referenced game time. Using game time as a reference,
the researchers compared the substance of a decision communicated to a
controller to the types of command and control inputs made for units under
his authority. As a result of the comparison, each decision was placed
into one of the following four categories:

1. Command and Control Input -- The decision was such that one or.
more command and control input could have been used to implement it; and in
the minutes of or immediately following the decision, one or more
implementing input could be identified from the records of inputs.

2. No Command and Control Input -- The decision was such that one or
more command and control input could have been used to implement it, given
the tactical situation. Based on a search of the computer records,
however, implementing inputs could not be identified in the minutes of or
immediately following the decision.

3. Questionable -~ Decisions that met one or more of three criteria
were placed in this category. First, because of the nature of the decision
or its contingency on the specific tactical situation, there was doubt as
to wvhether it could have been impleme:ted through command and control
inputs. Based on this first criterivn, all warning orders were placed in
this category unless the order could clecarly not be implemented through one
or more command and control inputs. Second, the decision was such that it
could have been implemented through command and control inputs; however,
the records were not clear as to whether one or more input had been made in
response to it. Third, the decision was such that command and control
inputs would have been initiated at a console other than the one observed.

12. One of the researchers had participated in the content analysis of
decisions. The other had served as the third reviewer of the summarized
decisions. '
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4. Not Possible -- The decision was such that command and control
inputs could not have been used to implement it regardless of the tactical
situation.

RESULTS

Results for players’ decistons are presented by the three research
issues. Where appropriate, responses to the controller questionnaire are
reviewed along with findings from the direct observations and content
analyses.

Communicated Decisions

The fifth issue concerned the decisions that players communicated to
controllers during training exercises. Compared to direct olservations, |
the content analysis provides more reliable documentation of players’
decisions, Thus, this issue will be discussed in terms of the latter.

For all four exercises, a total of 56 decisions was identified. In
the two defense exercises, 26 decisions were identified; 30 decisions were |
extracted from the attack exercises. Summaries of the 56 decisions are
presented in Appendix D. An attempt was made to summarize each decision so
that it would be intelligible to a reader not having monitored the
exercise. The 56 decisions were categorized according to the major
activities, actions, or objectives directed in them. The categories and
number of decisions in each category are listed in Table 9. Inspection of
this table reveals that decisions communicated to the observed forward
company controllers most frequently concerned maneuver.

Tape-recorded communications were compared with the observation forms
to determine if a decision identified on a tape recording had also been
identified when the communications were directly monitored. The relevant
data (frequencies and proportions) are shown in Table 10 for each separate
exercise and for all four exercises combined. Of the 56 decisions
identified from the tape recordings, 42, or 75 percent, @fd also been
identified when communications were directly monitored.l

The summaries of the decisions in Appendix D do not fully describe the
context in which the decisions were made. In some instances, a rich
interchange between players and a controller occurred prior to the
communication of a decision. A partial documentation of this interchange
was undertaken as part of the content analysis. For each decision,

13. A total of 66 decisions was identified in directly monitoring
communications. Of the 66, 42 or .66 were also identified from the tape~
recorded communications.
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Table 9
Categories of Decisions:

Content Analysis

Decision Category Frequency
Move/maneuver unit 23
Warning order (e.g. prepare to be relieved) 6
By-pass opposition 5
Fire support/allocation of fires S
Halt movement/do not proceed 3
Defend/hold position 3
Attack 3
Task organization 3
Continue mission/firing 2
Switch radio frequency 1
Assume reserve mission 1
Investigate problem 1
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Table 10
Frequency & Proportion of Decisions:

Content Analysis & Observation®

Identification During
Exercise Ob#ervation Total
Yes No
11 0
Defense - 1 1.00 .00 11
9 7
Attack - 1 .56 L4b 16
12 3
Defense - 2 .80 .20 15
10 4
Attack - 2 .71 729 14
42 14
Total .75 .25 56

SNumbers in a cell represent the frequency (top number) and
proportion (bottom number) of decisions identified in content
analysis and either identified or not identified during direct
observation of the exercise.
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judgments were made about the conditions that "prompted" it. That is, each
decision was to be classified as either (a) a direct response to conditions
or problens communicated to the TOC by the contrg}let or (b) a general
response to non-specific long-term develop-entl.l

Table 11 displays the frequency and proportions of "direct" and "general"
decisions for each exercise and for all exercises together. This table
shows :

l. Across exercises, there was a tendency for most decisions to be
made in direct response to conditions or problems communicated to the TOC
by controllers.

2. The trend just described was somewhat more pronounced in the {
attack than in the defense.

3. There appeared to be an effect for player group. That is, the
proportion of direct decisions was greater in the exercises for the
National Guard command group (Defense-2 and Attack-2) than in the exercises
for the active duty group. (Defense-! and Attack-l).

¢

The data in Table 12 pertain to direct decisions. In the table are
presented: (1) the game time of a decision, (2) the number of
communications conveying information about the conditions or problem which
the decision was in response to, (3) the game time of the first such
communication, and (4) the difference between the game time of the decision
and the first communication. As presented in the table, the median number
of communications that preceded a communication and that transmitted
instigating information was two. A median interval of 1.75 minutes elapsed
between the first communication and the decision. There appears to have
been a tendency for the National Guard command group to communicate
decisions less quickly than the active duty group.

A reviev of the summarized decisions (Appendix D) suggested that
several decisions differed not only in terms of their responsiveness to
directly communicated or general events. In addition, controllers appeared
to have "requested" decisions in several instances, that is, to have
expressed the desire for further guidance, instructions, or actions from
the players. An ad hoc inspection of the decisions led to the estimates
that for Defense-1, Defense-2, Attack-l, and Attack-2, the proportions of
requested decisions were as follows, respectively: .09, .60, .38, and .71.

l4. The decision was categorized as unknown if it could not be placed in
either of the other categories.
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Table 11
Conditions Prompting Decisions:

Content Analysisa

Prompting Conditions
Exercise Direct General Unknown Total
Defense - 1| / ’ o _—
ense 36 .64 .00 L
7 7 2
Attack - 1 %4 L44 12 16
— [}
Defense - 2 - 160 .27 3 15 |
= |
= !
14 g o 0 :
Attack - 2 1.00 700 200 14
o~
P
TR 18 4 . |
Total 61 .32 ~.07 56
. - i | |

a

Numbers in a cell represent the frequency (top number) and proportion
(bottom number) of decisions judged to have been prompted by direct,
general, or unknown conditions.
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Table 12

Frequency & Time of Communications

Preceding Direct Decisions: Content Analyses

D B e = SO Wy

m (2) (3) (4)
No. of Time of Diff.
Deciaiqp Preceding Firsta Betweenb .
Exercise Time Commos Commo (1)&(3)
0348 2 0346 2 } :
0403 2 0402 1
Defense & L 0437 . 0436 1
0438 1 0438 0 :
Md=1.8 Md=1.0 ;
0620 2 0619 {
0630 1 0630
.. Attack -1 0632 1 0632
0637 3 0617 20
0641 2 0637 4
0717 3 0706 11
0725 1 0725 0
Md=1.75 Md=1.0
0347 4 0344 3
b 0350 1 0350 0 .
Datenss; - & 0405 2 0400 5
0414 2 0411 k] G
0421 2 0418 3
0445 3 0441 4
0452 2 0451 1
0518 3 0514 4
Md=2,25 Md=3.2
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Continued
Table 12
(Commos) (Min)
0553 S 0547 6
0602 1 0602 0
ALESEKEES 0603 1 0603 0
0609 1 609 0
0619 2 0617 2
0619 1 0619 0
0626 1 0626 0
0632 2 0631 1
0647 3 0645 2
0647 3 0645 2
0719 2 0717 2
0735 2 0730 5
0800 2 0758 2
0813 3 0810 3
Md=1.9 Md=1.7
Total Md=2.0 Md=1, 75

a
In game minutes.

bOne decision was left out because of difficulty in following the tape

recorded communication.
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These data suggest effects for both groups and exercises. That is, .26 of
the decisions communicated by the active duty command group (Defense-l and
Attack-~l) appeared to be requested decisions while the National Guard
command group communicated .66 requested decisions (Defense-2 and
Attack-2). For both groups combined there were .38 and .53 requested
decisions in the defense and attack exercises, respectively.

In summary, players did communicate decisions to the forward company
controllers during both types of exercises. A large proportion of the
decisions appear to have concerned maneuver. The conditions associated .
with the communication of decisions appeared to vary with the type of
training exercise and with player group. Compated to the active duty
command group, the National Guard command group appeared to communicate
more decisions in direct response to problems/conditions brought to their
attention by the controllers. A greater proportion of the decisions of the
National Guard command group also appeared to be requested. Similar
differences tended to characterize the attack and defense. Compared to the
defense exercises, more decisions in the attack exercises appeared to be
"direct" and "requested."

o

Implementation of Decisions

The sixth issue -- whether players’ decisions were implemented through
the math model -- concerned the relationship between (a) the players’
decisions communicated to controllers and (b) the controllers’ responses to i
thesé decisions. The initiatfion of command and control finputs will be
presented first.

I T e, (o, P o0

Command and Control Inputs

As reported earlier, 56 decisions were found in the tape-recorded
communications between players and controllers. The implementation of
these decisions through command and control inputs was of particular
interest. To investigate this relationship, it was necessary tc identify
the command and control inputs that had been made during the exercises and
to relate these to the players’ decisions. Data on command and control
inputs were available from two sources: computer records and the records
of command and control inputs made by observers during the exercises.

According to direct observations of the four exercises, a total of 320
command and control inputs was initiated for units under the authority of

the observed controllers. Table 13 is based on computer records. It
displays the frequency of maneuver, ground fire, and all other types of

command and control inputs made during each exercise. Inspection of this
table reveals the following:
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Table 13

Frequency of Command and

Control Inputs:

Computer Records

C&C
Input | Defense | Attack | Defense | Attack | Total Total
Option 1 1 2 2 Defense | Attack TOTAL

Maneuver 5% 102 33 92 92 194 286
Ground 23 30 49 91 72 121 193
Fire
Other® 8 10 0 11 8 21 29
Total 90 142 82 194 172 336 508

%These consisted of "resupply", '"control measure", or 'task organization."
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1. For all exercises combined, "maneuver control" and "ground fire
control" were made more frequently than all other types of inputs; maneuver
control was the most frequent type of command and control input.

2. There appears to have been a group effect in that fire control
inputs were made more frequently during the exercises for the National
Guard command group (Defense-2 and Attack-1l) than in the exercises for the
active duty group (Defense-! and Attack-l).

3. The total number of inputs recorded by the computer was 508, which
greatly exceeds the 320 inputs identified by the observers.

Responses to item 29 of the controller questionnaire permitted
computation of controllers’ perceptions of the extent to which the various
command and control inputs were made. The median proportions reported by
controllers at the forward company console were .50, .35, and .25,
respectively, for "maneuver control", "fire control", and all "other"
inputs together. These estimates are generally compatible with results
shown in Table 13. ¢

Responses to decisions. The 56 decisions were sorted in terms of
whether they had been identified in direct observation of an exercise. If
a decision had been identified, the relevant observation form was examined , P
to determine if one or more of the available command and control input .
options had been used. The data are presented in Table 14 in terms of the ’
frequencies and proportions for each and all exer~ises combined.

The data in Table 14 are suspect due to the discrepancy (reported
earlier) between the number of command and control inputs identified in

directly observing exercises and the number identified from computer
records. Consequently, computer records of command and control inputs were

analyzed to determine further if the 56 decisions had been implemented by

command and control inputs. As mentioned earlier, each decision was placed

into one or more of the following four categories through this analysis:

(a) command and control input (C&C Input) identified for the decision; (b)

no command and control input (No C&C Input) identified for the decision;

(c) identification of command and control input questionable

(Questionable); and (d) command and control input not possible (Not

Possible). Table 15 displays the frequency and proportion of decisions

placed in each category as a result of this analysis. 0

Tables 16, 17, and 18 show the relationship between results based on
direct observation data (Table 14) and the results based on the computer

records (Table 15). That is, Table 16 displays for all four exercises the
number of decisions in each combination of the following: (a)
identification of decision during direct observation of an exercise; (b)
observed occurrence of command and control input for decisions identified
during an exercise (yes, no, or unknown), or estimation of the possibility
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Table 15

Frequency & Proportion of Decisions Enacted by

C&C Inputs:

Computer Records®

Implementation of the C&C Input
Exercise C&C No C&C Question- Not TOTAL
Input Input able Possible }
|
Defense-1 8 L £ 0 11 ]
.73 .09 .18 .00 )
Attack-1 4 6 6 ° 16 {
.25 .37 .37 .00
Defense-2 7 3 4 1 15
47 /.20 .27 .07 !
3
Attack-2 4 - 4 3 1 14
729 .29 .36 .07
23 14 |17 - 2
TOTAL . P %
W1l s .30 .04

8Cell entries represent the frequency (number in top portion) and
proportion (bottom portion) of decisions placed in each category in
the content analysis of computer records.
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Table 16
Frequency of Decisions Enacted by C&C Inputs:

Observations & Computer Records®

Decisions Identified During |Decisions Not Identified
c et Exercise During Exercise
pu Observed C&C Input Estimated C&C Input
Record Potential TOTAL

Yes No | N/A | Total | Yes No | N/A [Total
ke 17 3| o 20 3 o | o 3 23
Input
No cé&C 3 7 1 11 1 0 0 3 14
Input
{

Question- 4 4 2 10 6 0 1 7 17
able
Not 0 1 0 1 0 1 o " |1 2
Possible
TOTAL 24 15 3 42 12 1 1 14 56

2Entries represent the relationship between the classification of
decisions in the analysis of computer records of command/control
inputs and the results based on the content analysis and direct
observations.
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Table 17
Frequency of Decisions Enacted by C&C Inputs

in Defense Exercises: Observations & Computer Records®

Decisions Identified During |Decisions Not Identified .
Combutas Exercise During Exercise
P Obsarved C&C Input Estimated C&C Input
Record Potential TOTAL
Yes No N/A [ Total| Yes No N/A [Total )
Cc&C
Input 13 0 0 13 2 0 0 2 15
No C&C '
Input 1 3 0 4 0 0 0 0 4
§
Question-
able 2 3 0 5 0 0 1 1 6
Not
0
Possible 1 0 1 0 0 0 0 1
TOTAL 16 7 0 23 2 0 1 3 26

“Entries represent the relationship between the classification of
decisions in the analvsis of computer recorda of command/control
inputs and the resulte based on the content analysis and direct
observations.
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Table 18

Frequency of Decisions Enacted by C&C Inputs

in Attack Exercises:

Observations & Couputer Records?

Decisions Idenfified‘buting

Decisions Not Identified

CoRbutEr Exercise During Exercise
omp Observed C&C Input Estimated C&C Input
Record Potential TOTAL
Yes No N/A | Total Yes No N/A [Total
;:ac 4 3 0 7 1 0 0 1 8
nput
No C&C
‘Input 2 4 1 7 3 0 0 3 | 10
Question-| , 1 2 5 6 0 0 6 11
able
—
Not
0
Piasitle 0 0 0 0 1 0 1 1
TOTAL 8 8 3 19 10 1 0 11 30

®Entries represent the relationship between the classification of
decisions in the analysis of computer records of command/control
inputs and the results based on the content analysis and direct
observations,
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of implementing the decision by command and control inputs for decisions
not identified during an exercise (yes, no, or unknown); and (c) judgments
about command and control inputs from the computer records (C&C Input, No
C&C Input, Questionable, or Not Possible). Tables 17 and 18 display
similar data for the two defense exercises and the two attack exercises,
respectively.

Data for the 42 decisions that had been directly observed during the
exercises can be used to index agreement between the results based on
direct observation and computer records. As presented in Tables 16-18,
three patterns of agreement emerge. First, certain results of both
analyses are in agreement. The fullowing decisions follow this pattern:
(a) decisions judged to have been implemented by command and control inputs
in both analyses, (b) decisions judged not to have been implemented by
command and control imputs in both analyses, and (c) decisions judged not
to have been implemented by command and control inputs based on
observational data and classified as Not Possible in the analysis of
computer records. The second pattern is disagreement in which decisions
judged to have been implemented by command and control inputs in one
analysis were judged not to have been so implemented in the other analysis.
All decisions that were classified as doubtful (that is, Questionable or
N/A) represent a third pattern.l> Inspection of Table 16 indicates that the
results for 25 (or .60) of the 42 decisions were in agreement. There was
clear disagreement for 6 (or .l14) of the decisions. The agreement for 1l
(.26) was doubtful. These proportions suggest that even though observation
data on the implementation of decisions through command and control inputs
are not totally reliable, these data were probably more reliable than the
original discrepancy indicated.

The data in Tables 16-18 appear to provide the most reliable
descriptions of the frequency of decisions implemented through command and

control inputs. Of the the 42 decisions identified in directly observing
the exercise (Table 16), 20 were judged to have been implemented by one or
more command and control inputs in the analysis of computer records. An
additional four decisions were classified as Doubtful; however, these
decisions were observed to have been implemented through command and
control inputs during the exercises. Thus, the data in Table 16 indicate
that 20-24 (or .57 at the most) of the 42 decisions that had been directly
observed resulted in command and control inputs. Inspection of Tables 17
and 18 suggests that according to these criteria relatively more decisions
in the defense exercises (.65 at the most) resulted in command and control
inputs than in the attack exercises (.47 at the most).

15. This third pattern was established for two reasons. First, the
classification systems in the two analyses did not directly correspond. Second,

Judgments of Questionable and N/A indicated that the analysts/observers were
uncertain.
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As part of the direct observation procedures, records were kept of a
controller’s response to a decision. For each decision, the records
identified the combination of the following that described the response:
none (no observable response), communication with another controller, or
command and control inputs. The frequency and proportion of decisions
enacted by each logical combinatfion of contriglet responses are displayed
in Table 19. Of the 66 decisions identified”” , 32 were implemented
through command and control inputs alone or through command and control
inputs in conjunction with communications to another controller. This

3 proportion (.48) approximates that reported earlier for the attack
exercises (.47 for decisions observed during the exercises); however, it is
lower than that found for all exercises combined.

Initiation of inputs. As described earlier, the analysis of computer
records produced a category of decisions that appeared to have been
implemented through command and control inputs. A decision was placed in
this category only if one or more command and control input could be
located that met these criteria: (a) the type of command and control input
(for example, maneuver) was suited to implement the decision and (b) the
input occurred within the minutes of or immediately succeeding the
communication of the decision. Each input judged by the two reviewers to
meet these criteria was tagged. The inputs identified in this manner are
considered to represent the inputs that were directly initiated by players’
decision.

Table 20 presents the frequency and proportion of inputs initiated by
players’ decisionc. The proportions were calculated using the figures in
Table 13. The following describes the results in Table 20:

l. Of all command and control inputs made during the four exercises, |
+2]1 appeared to be mad> {n direct response to players’ decisions. :

2. Of all types of inputs, maneuver control was made most frequently
(and practically exclusively) in response to players’ decisions.

3. Compared to the attack exercises, a relatively greater proportion
of the inputs in the defense exercises appears to have been made in
response to players’ decisions.

o 16. This number of decisions is greater than the number tallied in the
content analysis. The discrepancy is partly due to, first, the multiple
military roles assumed by controllers and second, an observer’s tendency to
record data for roles other than those being directly studied.
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Table 19

Controllers' Responses to Decisions:

Observation Dataa

-

Controller Response

Controller Commo wit CC&C Commo & |
Exercise Position None Controller Input |C&C Input| Total

= A 1 1 0

T e 767 116 .16 .00 6
3 0 3 3

Right 27 700 136 36 11
5 2 7 1

Attacke 1 ik 133 13 47 07 | 15
Right? 1 0 1 0

" 50 00 50 00 2
6 0 1 1

Defense-2 Left .12 .00 .12 12 8
Right 3 1 4 1

33 11 44 .11 9
1 T 2 1

e Left .20 120 .40 20 ] 5
= Right . 1 2 2

g .50 10 20 .20 10
£ 10 1 2 1

Left 771 .07 14 .07 14
Total 3 1 ) 5

Defense Right 730 705 140 .25 20
Left & 16 2 10 6

Right 47 .06 29 18 1 34
ey 6 3 _~—19 2

e .30 15 45 10 20
Total 6 1 3 2

Attack Right 750 .08 25 17 12
12 4 12 4

ket S 38 12 138 12 | @
16 A 11 3

Total Left Position 47 12 .32 .09 34
12 2 11 7

Total Right Position “38 "06 "4 22 32

8Entries represent the frequency (top number in a cell) and proportion
(bottom number in a cell) of decisions to which a controller occupying
a designated console position (left or right) made one of the denoted
responses during an exercise,

bThe controller located in the right position operated the command &

control input devices.
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Table 20
Frequency and Proportion? of Command & Control
Inputs in Response to Players' Decisions: Computer Records
C&C
Input |Defense | Attack | Defense| Attack | Total Total
Option 1 1 2 2 Defense | Attack TOTAL
35 16 29 / 11 64 27 91
Maneuver
.59 .16 // .88 .12 .70 .14 .32
/
0 0 14 0 14 0 14 /
Ground
Fire .00 .00 .29 .00 .19 .00 .07
0 0 0 0 0 0 o /
b
Other |
.00 .00 .00 .00 .00 .00 7,00
35 16 43 11 78 / 271/ |05
Total Y _ ////
.39 11 .52 .06 W45 v// .08 21

aProportions (bottom number in a cell) were calculated by dividing the
number of inputs judged to be in response to players' decisions (top

number in a cell) by the total number of inputs in the exercise (from
corresponding cells in Table 14).

P These consisted of '"resupply", "control measure', or "task organization."
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In response to questionnaire item 30, six controllers of the forward
and fire control consoles estimated the proportion of their command and
control inputs that had been based on the decisions/commands/orders of
players. Estimates of the proportions ranged from .10-.80, with a median
estimate of .40. Thus, the proportion estimated by controllers was

appreciably greater than the proportion (.21) based on the analynis of
computer records of inputs. It should be noted that controllers’ responses

to items 31 and 39 suggest types of players’ decisions that they were
unable to implement through command and ¢ontrol inputs.

Related findings. Several questionnaire items (35, 40, 44, 45, 46,
47, 49, and 51) concerned potential problem areas associated with making
command and control inputs. Responses to these items may be summarized as
follows:

\
1. Ten of eleven respondents believed that they were able to plan and !
implement command and control inputs so that they could affect the math !
model in a timely fashion (item 35). ,
l

|

2. Most respondents (seven of eight) believed that the model provided
readily accessible information indicating that command and control inputs
had been received and taken into account by it (item 40).

3. No controller appears to have experienced any difficulty im
selecting command and control inputs (or options within input types) that
would ‘implement a player’s decision (items 46-47).

4. Most respondents (eight of ten) believed that there were no
problems associated with command and control inputs unique to the different
training exercises (item 44).

5. Additions to the elements modeled by the computer and improvement
of weapon effects curves were cited as changes that would improve the
responsiveness of the math model to the decisions of players and
controllers (item 45).

6. Reipondenta at all consoles found problematic the need to adjust
the scale or portion of the map viewed when making a command and control
input (item 49).

7. Of three controllers from the fire support consolza, two indicated
that a backlog of inputs had caused untimely delays in entering their
inputs to the math model (item 49). J

8. Of ten respondents, eight indicated that the requirement for the
center controller to make command and control inputs for all three
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controllers at a console reduced the timeliness of inputs to the model.
According to six respondentl.17 this arrangement tended to overload the
operator of the command and control input mechanisms during peak periods.

Based on these responses, it appears that the means for entering
command and control inputs to the math model were affectei by three types
of problems. The first involved those areas in which the math model was
incomplete or inaccurate. A second type was mechanical -- adjusting the
scale or area displayed on the graphics CRT. The third consisted of the
delays caused by channeling the command and control inputs of all three
controllers at a console through a single controller.

Summary. Based on results for a sample of the players’ decisions, it
appears that somewhat more than .50 of the decisions communicated to
forward company controllers were implemented by interaction with the math
model, that is, through command and control inputs. Computer records and
controllers’ reports suggest that the two most frequent types of command
and control inputs made from the forward company console were maneuver
control and fire control. It appears that of all inputs made by the
observed controllers, approximately .20-.40 were in direct response to
players’ decisions. Responses to the controller questionnaire suggested

that the responsiveness of the math model would be improved by increases in

the accuracy and completeness of the model. Controllers’ responses also
identified three factors that contribute to delays in entering command and
control inputs to the math model.

Feedback

The last research issue concerned feedback, that is, whether players
received feedback about the implementation of.their decisions. This issue
was investigated by first describing the feedback that players received to
their decisions. The relationship among decisions, the implementation of
decisions through command and control inputs, and feedback was then
explored.

As part of the content analysis, a controller’s feedback to each
decision that had been communicated to him was identified and summarized.
The summaries are presented in Appendix D along with the summaries of the
decisions. The analysts also determined whether the feedback had been
requested by the TOC or had been provided automatically. The results are
presented in Tables 21 and 22.

17. The two respondents who had most consistently served as operators of
the command and control input mechanism were not among the six.
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Table 21
Frequency & Proportion of Decisions
Receiving Feedback: Content Analysisa
| M
Feedback
Exercise Yes
Automatic | Requested ASR No Total
(A) (R)
> 1/ 0 ~ 9
peERnesis % —~.09 —~"00 | 7 .82 11
e
Attack - 1 3 .19 7,00 .56 16
10 _—1 0 4
Defense - 2 P 07 00 .27 15
4 1 2 1 T
Attack - 2 29 07 14 .50 14
11 12 0o - 13
Total Defense || -~ ,5 .08 0 Ve .50 26
1
8 4 - 2<///// 16
P
Total Attack ~7 .27 .13 .01 R 30
19 e 7| 2 29
rotal P '/.34 11 .04 .52 56

aTop number in a cell represents the frequuucy, bottom number the
proportion of decisions entries.
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Table 22
Median Interval Between Communication

of Decision & Receipt of Feedback: Content Analysis

Median Frequency of
Interval, Decisions Receiving
in Minutes Feedback

Defense - 1 5.5 2

Attack - 1 6.0 7

Defense - 2 2.75 11

Attack - 2 6.0 7

Total 5.6 27
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Table 21 displays the frequency and proportion of decisions to which a
controller was observed to provide feedback, categorized as requested,
automatic, or both. Based on Table 21, it appears as if players received
feedback to approximately .50 of their decisions. Depending on the
exercise, players received feedback to .07 to .19 of their decisions only
after they had requested it. In response to item 42 of the questionnaire,
controllers also estimated the proportion of players’ decisions to which
they had provided feedback. The forward company controllers estimated that
they had communicated feedback to .65 (median) of the players’ decisionms.

Table 22 describes the timing of feedback. That is, it presents the
median interval (in minutes) between the game time of a decision and the
game time of the first communication providing feedback. It appears as if
the median delay between a decision and the receipt of feedback was
somevhat more than five minutes.

In order to further describe CATTS as an interactive system, the
relationship among players’ decisions, their implementation through command
and control inputs, and the receipt of feedback was explored. To
accomplish this, the 42 decisions that had been extracted from the tape-
recorded communications and that had been identified in directly observing
the exercises were used. Results reported earlier were used to determine
if a decision had been implemented through command and control inputs.
Accordingly, a decision was considered to have been implemented through
command and control inputs under one of two conditions: (a) the decision
was classified as having been implemented through command and control
inputs in the analysis of computer records or (b) the decision was
classified as '"Doubtful” in the analysis of computer records, but
implementing command and control inputs had been identified in directly
observing the exercises. Similarly, a decision was considered not to have
been identified through command and control inputs under two conditions:
(a) the decision was classified as not having been implemented through
command and control inputs (that is, '"No C&C Input" as defined earlier) in
the analysis of computer records or (b) the decision was classified as
"Doubtful" in the analysis of computer records and no implementing decision
had been identified for it in directly observing the exercises. !'inally,
the implementation of a decision through command and control inputs was
considered to be "doubtful" if the decision had been so classified in the
analysis of computer records and if the implementation of the decision was
unknown ("N/A") based on the direct observations. The results for feedback
Just reviewed were used to determine if feedback had been provided to the
decisions.

The results are presented in Table 23. Inspection of this table

reveals that .26 of the 42 decisions resulted in both command and control
inputs and feedback. Otherwise, controllers appear to have either provided

no feedback (.57) or provided feedback without having made prior command
and control inputs (.17).

58



)

L L e B b WS

Table 23

Frequency & Proportion of Decisions Followed

by Command & Control Inputs & Feedback®

|
ic & C Exercise
Input Feedback Defense Attack Total
7 4 #,a”,' 11
Yes .30 21 .26
Yes
[} 5 13
No «35 .26 .31
3 « | 1
Yes 213 .21 .17
Ne
5 4 9
No .22 .21 21
0 0 0
Gueskicns Yes .00 .00 -~ .00
able 0 2 - 2
No .00 e .05
23 = 19
TOTAL *“TT;; 1.00 42

aThis table is based on the 42 decisions identified in both direct

observation and content analysis of decisions.

59




Neither the direct observations nor the content analyses yielded
systematic data regarding the relationship of feedback to outputs of the
math model. As mentioned earlier, however, the general impression of the
two researchers conducting the content analysis of decisions was that the
information provided as feedback could have been based on outputs of the
math model. This impression is not inconsistent with responses received to
item 43 on the controller questionnaire. In response to this item, a
controller was to estimate the proportion of times that his feedback to
players was based on each of the following: (a) computer outputs alone,
(b) a combinai.on of computer-generated and fabricated information, and (c)
fabricated information alone. The median proportions estimated by forward
company controllers were .40, .56, and .10, respectively, for the three
sources just presented. Thus, the forward company controllers estimated
that feedback was completely based on computer-generated information in .40
of the instances in which they communicated feedback. Respondents were
also asked to cite reasons for communicating feedback that was not based on
computer outputs. The reasons cited appear to fall into three categories.
First, there were areas of incompleteness and inaccuracy in the math model.
Responses to questionnaire ’‘tems 32 and 33 are relevant to this reason.
These items were intended to elicit responses concerning the predictability
and credibility of the effects of command and cont 5] inputs. Inputs
related to fire control, maneuver control, and the air module were among
the inputs mentioned by respondents. Second, system failures necessitated
fabrication. Third, controllers were motivated to promote realism.

In summary, results of the content analysis of decisions suggest that
players received feedback to approximately .50 of the decisions that they
had communicated to players. This estimate is somewhat lower than the
median estimate (.65) advanced by controllers at the forward company
console. Further analysis revealed that .26 of the players’ decisions
resulted in both command and control {nputs and feedback. Forward company
controllers estimated that feedback was based completely on computer-
generated information in .40 of the instances in which they communicated
feedback. Controllers’ responses suggest three categories of reasons for
not having completely based feedback on computer-generated information:
validity of the math model, system failures, and realism.
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DISCUSSION

This research was to describe the flow of information among
controllers, players, and the math model in CATTS training exercises during
the period of system definition research. The research was planned to
collect descriptive data regarding seven research issues concerning
controller-to~player communications and players’ decisions. It was
anticipated that the results would also have implications for future
research and development of CATTS. Certain limitations of the study
caution against broad generalization from the results presented in this
document. These will be outlined prior to discussion of the results and
their implications.

LIMITATIONS

The basic limitations of the study appear to stem from three sources:
(a) the context in which it was conducted, (b) the individuals/group on
which data were collected, and (c) the design and execution of the study as
a whole.

Data were collected within the context of the training established for
the overall period of CATTS system definition research. For the most part,
the training exercises studied were conducted as free-play exercises. The
results of this study, consequently, are only applicable to that type of
exercise. As applied in CATTS, the concept of free-play was basically
synonymous with unplanned. That is, the training experiences of a
particular group were managed by the outcomes of the math model and
controllers’ interpretations of what would constitute realistic performance
in that context. One implication of such an approach is that even though
different training groups may have had equally realistic training
experiences in a particular type of exercise, the events comprising
different exercises could have varied dramatically. The results of the
present study, therefore, stemmed from a deliberately uncontrolled and,
therefore, unrepeatable context.

Three factors limit sample generalizability. First, the number of
training groups was small. All data on controller-to-player communications
were based on one training group. Two training groups participated in the
research on player’s decision making. Second, the sample of controllers
was also small. As a result, a particular controller position (that is,
the left, center, or right position at the forward company console) was
manned by the same individual for practically all six training exercises.
Thus, differences for controller positions reflect the individuals who held
these positions as well as the effects of features (for example,
accessibility to a particular output source) of the positions. Third, the
sample was not representacive of the potential users of CATTS. Controllers
had actively participated in development of the demonstration system.
Consequently, they were more familiar with the requirements to operate it
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than the total population of potential users (presumably, military officers
capable of conducting battalion-level training).

Finally, the design and execution of the study were such that it
should be viewed as preliminary to more definitive research. Except for
the controller questionnaire and general impressions, systematic study was
limited to two of the controllers at the forward company console.
Accordingly, interpretation of the results should be limited to the forward
company console. Results of the questionnaire tend to be applicable to all
controller consoles. As the sample of the respondents to the questionnaire
vas small (N = 12) and as the controllers had served different functions
during training, the questionnaire was designed and administerad to elicit
response that reflected the unique and diverse experiences of the
individual respondents. Due to this approach, the problem areas identified
through the questionnaire often reflect the views of only one or two
respondents. In addition, the time available for planning and conducting
the study limited the extent to which instruments and procedures could be
pretested or tested for reliability. Pre-testing could have offset one
problem described earlier -- the apparent inability to reliably identify
and record command and control inputs by directly observing the
controllers’ performances. One other design feature should be mentioned.
Much of the data represent judgments of behavioral records. While
constrained by the records, such data are nevertheless somewhat subjective.

RESEARCH ISSUES

The basic purpose of this study was to describe information flow in
CATTS in terms of two interrelated phenomena: (l) controller-to-player
communications and their relationship to computer outputs and (2)
interaction of the math model with players’ decisions. The study was
designed in terms of seven research issues related to controller-to-player
communications and players’ decisions. While the results of this study are
not definitive, they tend to support general conclusions regarding these
issues.

Player-to-Controller Communications

Communications and related output sources. The first research issue
on controller-to-player communications concerned the extent to which
coutrollers’ communications were based on computer outputs. In general, it
appears as if controllers’ communications tended to be based on computer
outputs. As discussed more thoroughly later, however, all information
received by players was not necessarily identical to computer-generated
information. Rather, it appears that controllers combined computer outputs
with information fabricated by them during training exercise. These
findings appear to point out the criticality of the math model. They also
underscore that controllers serve as the link between computer-generated
information and its dissemination to the player group. Based on the
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latter, controller training and aids should be designed to insure that
controllers communicate computer-generated information to players in a
manner congruent with the training concept for CATTS.

Utilization of outputs. The second issue concerned the utilization of
the computer-output sources at a controllers’ disposal. Research on this
issue focused on the extent to which the various sources both served as a
basis of controller-to-player communications and were used to meet the
controllers’ own information needs. Through the controller questionnaire,
an attempt was also made to identify problems associated with the use of
the computer-output sources.

Computer-generated graphics, alert messages, and special status
reports appear to have been the principal sources of controllers’
communications. Certain modifications would increase their utility. It
appears, for example, that the multiple functions of the graphic CRT and
its operation caused some delays in receipt of graphical information.
Similar problems appear to have reduced the accessibility of information
through special status reports. It is possible that these problems could
be handled by increasing the number or arrangement of the present input
devices. There were also reports that additional types of alert messages
are needed by controllers at particular consoles. Finally, the l5-minute
summary was apparently not used because of the trade-offs between its 5
perceived value and the requirements to make use of it. One implication of
this finding is that, depending on user requirements, the l5-minute summary
is either unnecessary for training or should be revised so that its
perceived utility is increased.

Player requested information. The third issue -- whether information
requested (and received) by players was based on computer outputs ~-- was
not directly investigated. As reported earlier for the first issue, .98 of
the communications in which players provided information were judged to
have been based on information from one or more computer-output sources.
Moreover, most respondents to the controller questionnaire believed that no
difference existed between the quality of information communicated at a
player’s request and the quality of information communicated at their own
instigation. Thus, it appears likely that information requested by
players, as well as information automatically provided, was based on
computer outputs.

Transformation of outputs. Results from the content analysis of
controller-to-player communications and the controller questionnaire
addressed the issue of whether and how controllers altered computer-
generated information prior to communicating it to players. Results
indicated that all communications appeared to exhibit one or more of three
types of transformations. The most frequently identified transformation
involved the form of information, that is, changing the manner of
expressing (or presenting) computer-generated information without altering
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the denotative meaning of the information. The other two were: (a)
modification of the specificity of information in computer outputs
(alteration of detail) and (b) the addition of information related to that
conveyed in computer outputs but not actually provided in the outputs.
Controllers cited three types of reasons for having transformed computer
outputs: promotion of realism, invalidity of the math model (that is,
areas of inaccuracy or incompleteness), or system failures.

These results have implications for future work on CATTS. First, they

underscore the importance of the math model and of its validity to

training. The specificity, accuracy, and completeness of its outputs

appear to have influenced the ways in which controllers mediated between

the math model and the player group. More speci.ically, perceived

inadequacies in outputs of the math model prompted controllers to

manipulate the outputs prior to communicating them to players. 1In }

addition, these findings emphasize the criticality of the control system. ;

Outputs of the math model were not simply relayed to players. Rather, this ‘

information was modified and then transmitted by controllers. Thus, the ]

manner in which controllers transform computer outputs appears to be |
i
1}

critical to the training effectiveness of CATTS. Based on this view, it
appears that controllers should be trained and provided procedural aids to
guide and insure the effactiveness of CATTS training. The nature of the
training and procedural aids would of course be defined by the training
plans for CATTS. Results bearing on the present issue suggest that the
training and procedural aids should guide controllers in: (a) promoting /
realism, (b) compensating for computer outputs that are inadequate because !
of the inaccuracy and incompleteness of the math model, (c) reducing the ]
specificity of computer-generated information, and (d) continuing training

during periods of system failures.

Players’ Decisions

Communicated decisions. In the content analysis of decisions, a total
of 56 decisions were identified as having been communicated to the two
forward company controllers. Although the 56 decisions represent only a
sample of the decisions made by the players, their documentation
demonstrates the occurrence of an early and necessary phase of interaction
between players’ decisions and the math model -- the communication of
decisions to controllers. It should be noted that the 56 decisions were
extracted from tape-recorded communications which could be repeatedly
reviewed. These communications had also been directly observed (monitored)
during the corresponding training exercises by research personnel, but only
75% of the decisions had been detected during observation. This
discrepancy indicated the potential unreliability of direct observation
procedures in settings like CATTS. The implications of this discrepancy
are also relevant to the recipients of players’ decisions in CATTS.
Controllers, too, may not have reliably recognized decisions that players
communicated t¢ them.
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The conditions associated with piayers’ decisions appeared to differ
for the two training groups studied and for the two types of training
exercises. Compared to the decisions communicated by the active duty
command group, a greater proportion of the decisions of the National Guard
group appear to have been prompted by problems or conditions directly
communicated by controllers. In an ad hoc analysis, a relatively greater
number of the decisions of the National Guard group appears also to have
been requested by the forward company controllers. The actual cause of
these and other differences for the two groups is unknown. It is possible,
however, that they were due to the differing entry levels of the two
groups. Within the framework of this interpretation, these results imply
that training plans in CATTS should take group differences into account.

The differences between the defense and attack exercises also involved
direct and requested decisions. That is, the frequencies of directly
prompted and requested decisions were comparatively greater in the attack
exercises. As other differences were found between those two types of
exercises, it 1s possible that training plans should vary for attack and
defense exercises.

Implementation of decisions. The sixth issue concerned a critical &
link in the interaction between players’ decisions and the math model --
the implementation of players’ decisions by the entry of command and
control inputs that reflect the decisions’ action implications. The
relative extent to which commands to the math model were based on players’
decisions, as opposed to decisions made by gontrollers, was also of
interest. Results on the latter tend to indicate the extent to which the
tactical situation modeled by the computer was dependent on players’
decisions.

Based on the results of the content analyses and the controller
questionnaire, it appears that somewhat more than half of the players’
decisions were implemented through command and control inputs. These
findings suggest that a relatively large proportion of the players’
decisions had no direct effect on the math model. Several factors should
be taken into account in appraising this finding. It is likely, for
€xample, that many decisions did not require immediate actions given the
tactical situation. Inspection of the decisions (see Appendix D) also
reveals that several decisions would probably have been handled by
controllers at other consoles (especially the fire support console). In
addition, the results reflect the manner in which a decision was judged to
have been implemented through command and control inputs. For the most
part, such a judgment was based on the entry of appropriate command and
control inputs within a relatively short time period after communication of
a decision. Thus, the results do not reflect later actions that controller
would deem necessary to adhere to a command group’s decision. Such later
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judgments by a controller, however, could reflect the decisions of a.
controller as much as decisions by a player group. Other findings
concern differences for type of training exercise. It appeared as if a
relatively greater number of the decisions in the defense were implemented
by command and control inputs.

Based on both computer records and the controller questionnaire, the
two most frequent types of inputs made at forward company console were
maneuver control and fire control. Differences for training groups were
found, however. Compared to the number of fire control inputs, relatively
more maneuver control inputs were made during exercises for the active duty
player group; the reverse was found for the National Guard group. In terms
of the initiation of command and control inputs, it appears that most
inputs were not in direct response to players’ decisions. That is, results
indicate that most inputs were initiated by controllers and were not
directly based on players decisions. Thus, the extent to which the
tactical situation modeled by the computer actually reflected a player
group’s decisions is questionable.

Responses to the controller questionnaire revealed three general
problem areas. First, controllers tended to express the view that changes
in accuracy and completeness of the math model would increase its
responsiveness to decisions. The second and third areas involved delays in
initiating command and control inputs. The requirement for the inputs of
all controllers at a console to be entered by a single controller was cited
as one source of delay. Delays were also attributed to the need to adjust
the scale and terrain viewed on the graphics CRT prior to making inputs.

It is possible that these problems could be offset by (1) reducing the
multiple functions of the graphics CRT and its operator and/or (2)
redistributing workload by altering the number or configuration of the
present input/output devices.

In conclusion, it appeared that somewhat more than half of the
players’ decisions were implemented through direct command and control
inputs. Command and control inputs tended to be initiated by controllers
more frequently than by players. Like the results for the fifth issue,
differences between the two player groups and the two types of training
exercises suggest that these factors should be taken into account in plans
for training in CATTS. Problems associated with the entry of command and

18. That is, such judgments could be as closely associated with a
controllers’ decisions about the subsequent impact of immediate commands on

the tactical situation as with a command group’s original decisions about
action requirements.

- St

=



B e v -

control inputs also tend to imply that in future work on CATTS,
consideration should be given to the validity of the math model and to the
distribution of functions and workload among the various console positions
and input/output devices.

Feedback. The final research issue concerned feedback. Based on
results pertaining to this issue, it i{s questionable whether the
interactive capabilities of CATTS were fully utilized during training
exercises in system definition research.

According to the concept of CATTS underlying the present study,
training exercises would take full advantage of the intended interactive
capabilities of the system only if players’ decisions were enacted by
inputs to the computer and if players then received feedback concerning the
effects of their decisions on the modeled tactical stituation. The results
pertaining to feedback were as follows:

1. Players received feedback to approximately half of the 56
decisions that they communicated to tihe two forward company controllers.

2. Of a sample of the 56 decisions, somewhat more than one-fourth
resulted in both command and control inputs and feedback. Of the remaining
decisions, controllers either provided no feedback or provided feedback
without having made prior command and control inputs.

3. Based on controllers’ responses to the questionnaire, .40 of the
instances in which they provided feedback were completely based on
computer-generated information. In most of the remaining instances,

feedback was composed of a combination of computer-generated and fabricated
information.

Results on the enactment of decisions through command and control
inputs and the receipt of feedback were based on only a sample of the
decisions communicated during four training exercises. The results, never-
theless, raise questions about the extent to which the interactive
capabilities of CATTS were used during training. In particular, they seem
to suggest that each succeasive link in the chain between players’
decisions, command and control inputs, and feedback was progressively
weaker. That is, it appeared that somewhat more than half the decisions
wvere implemented through command and control inputs and that perhaps half
of thesel9 were followed up by feedback. The cause of this apparent
degradation is unclear and thus remains one of the implications for
research and development of CATTS.

19, This estimate is based on Table 23.
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Results on feedback have other implications. Again, the importance of
the validity of the math model is underscored. The reasons cited by
controllers for communicating feedback based on fabricated information
included inadequacies in the math model. Results also support the view
that controllers should be trained and provided procedural aids to insure
the effectiveness of CATTS. It appears that in addition to the areas
mentioned earlier, training and procedural aids should guide controllers in
the following: (a) recognizing decisions that should be implemented
through command and control inputs, (b) acquiring and transmitting feedback
from computer-generated information, and (c) providing feedback for
decisions not implemented through command and control inputs.

68




SUMMARY

This study represents preliminary research on the Combined Arms
Tactical Training Simulator (CATTS) in training exercises. The purpose of
the study was to describe information flow in terms of seven research
issues related to controller-to-player communications and the interaction
of players’ decisions with the CATTS math model.

The results support two general conclusions regarding information
flow:

1. CATITS training exercises, as conducted during system definition
research, were structured in terms of computer-generated information as
mediated by controllers.

2. CATTS appears to have the potential to be an interactive system.
The extent to which this potential was realized during system definition
research is questionable. That is, the math model appears to have
generated the tactical problems with which the players dealt. Developments
within the model, however, were as much (and possibly more) influenced by
command and control inputs initiated by controllers as by players
decisions. Moreover, players’ decisions were not such that they
consistently resulted in command and control inputs followed by feedback to
the players.

In terms of the specific research issues, the following conclusions
vere drawn:

1. Controllers’ communications during training exercises were based
on information generated by the CATTS math model.

2. Computer-generated graphics, alert messages, and special status
reports were the principal sources of controllers’ communications to
players. Certain modifications would increase their utility.

3. Information specifically requested by players, as well as
information automatically provided without its having been requested,
appears to have been based on computer outputs.

4. Computer-generated information was not simply relayed to players.
Rather, the information tended to be modified prior to transmission. The
most frequent modification appears to have involved form, usually from
graphic to verbal. Computer-outputs were also frequently modified by
reducing the detail of outputs and by adding supplementary information.
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5. Players did make and communicate decisions to controllers during
training exercises. The conditions prompting players’ decisions appeared
to differ for the player groups studied and for the defense and attack
exercises.

6. Of the players’ decisions communicated to the observed forward
company controllers, somewhat more than half appeared to be imp.-mented
through command and control inputs.

7. Command and control inputs tended to be initiated by controllers
more frequently than by players. At the forward company console, the more
frequent inputs in response to players’ decisions were "maneuver control"
and "fire control", with "maneuver control" being the most frequent.

8. Compared to the attack exercises, a greater proportion of the
command and control inputs made in the defense exercises appears to have
been in response to players’ decisions.

9. CATTS training exercises appear to have been such that players
received feedback to approximately half of their decisions and that an
appreciably smaller proportion of players’ decisions resulted in both
command and control inputs and feedback.

In the discussion of the results, certain implications were advanced
for consideration in future research and development of CATTS. Several of
the implications (l-7 below) tend to be directly relevant to preparation of
a training device requirement for a second-generation system.

Applicability of the remaining implications tends to be wider. The
implications are as follows:

l. The accuracy and completeness of the CATTS math model are
critical. As determined by other research, areas in which the model is
inaccurate and/or incomplete need to be identified for correction.

2. The present number of input/output devices should be altered to
insure equal distributions of accessibility and workload.

3. Consideration should be given to reducing the multiple functions
which the A/N CRT and graphic CRT serve.

4. The flexibility and completeness of the present graphic display
subsystem should be retained and, if possible, increased.

5. The alert messages routed to each console should be assessed to

determine whether any should be deleted or whether other types of messages
are needed.
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6. Consideration should be given to increasing the accessibility of
information through special status reports.

7. The 15-minute summaries were not used by controllers during
training exercises. Depending on user requirements for this type of
output, the 15-minute summary should either be deleted from future versions
of CATTS or revised so that its perceived utility is increased.

8. As used during system definition research, the training
effectiveness of CATTS is dependent on the control system.

9. Controllers should be trained and provided procedural aids to
insure the effectiveness of CATTS training.

10. Further research is required to determine how best to use CATTS
to train in attack and defense operations.

11. Further research is required to determine the method -- or
methods -- for training in CATTS.

12. Due to the apparent differences associated with training groups,
training plans should take group differences into account.
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TRAINING EXERCISES
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This appendix contains descriptions of the training exercises
on which data were collected. General overviews of the initial
conditions for the FEBA GOLD and ATTACK exercises are provided
first since all data were collected on variations of them.
Information about the specific exercises studied is then reviewed.
FEBA GOLD

According to the FEBA GOLD scenario, a brigade had the mission
of defending terrain along the east bank of the Suez Canal in
the Sinal Desert. The brigade concept of the operation was to
employ two defending battalion task forces along the canal, one
in a sector to the north and the other in a sector to the south,
The defense by the northern task force, which was composed of
armor and mechanized infantry units, was simulated in the FEBA
GOLD exercise.

A player group either executed a prepared (canned) task force
operation plan or developed and executed its own plan. 1In the
canned plan, the concept of the operation was for the task force
to defend the sector with two teams along the forward edge of
the battle area, with one team in the north and the other in the
south, A third team served as the task force reserve and occupied
a blocking position. The three teams were organized as follows:

North team --- mechanized infantry company plus one tank

Platoon attached.
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South team --- mechanized infantry company (minus one
platoon) plus one tank platoon attached.
Reserve team --- armor company (minus two tank platoons)
pPlus one mechanized infantry platoon
attached.
The simulated task force was supported by artillery, attack
helicopters, and close air support. Two 155mm artillery final
protective fires (FPF) were allocated to the forward team in
the north. One 4.2in mortar FPF was allocated to the south team.
The north team had priority of fires.

The defense of FEBA GOLD lasted until either (1) the simulated
task force accomplished its mission or (2) the operation was
terminated by the controller (by fiat or by ammending the player
group's mission).

ATTACK

In the scenario for the ATTACK exercise, a brigade located in
the Sinail desert had an attack mission. The brigade concept of
the operation was to attack with three battalion-sized task forces
in the attacking echelon and one task force as reserve., The
center forward task force was to make the main attack and seize
a terrain objective approximately 30 kilometers from its present

position. The ceuter task force and the execution of its attack

was simulated in the ATTACK exercise,
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As in FEBA GOLD, a player group either executed a canned
operation plan or developed and executed its own plan. Accord-
ing to the concept of the canned plan, three company-sized teams
were in the attacking echelon, with the center team making the main
attack. A fourth team served as the task force reserve. The
four teams were organized as follows:

North team --- armor company (minus one platoon) plus
one mechanized infantry platoon attached.
Center team --- mechanized infantry company (minus one
platoon) plus two tank platoons attached.
South team --- mechanized infantry company (minus one
platoon) plus one tank platoon attached.
Reserve team --- armor company (iminus two platoons)
plus one mechanized infantry platoon
attached.
The simulated task iorce was supported in the attack by
artillery, attack helicopters, and close air sdpport. A 20-
minute artillery preparation commencing at H-20 was fired. The
center team had priority of fires. The attack was planned in two
phases. The first phase lasted until the task forces reaches its
intermediate objectives. The second phase embraced the continua-
tion of the attack to the final objectives.

The ATTACK exercise lasted until efther (1) the simulated
task force accomplished its assigned mission or (2) the chief
controller terminated the operation (by Fiat or by ammending the

task force's mission).

75




CONTROLLER-TO-PLAYER COMMUNICATIONS

Data on the first four research issues wera collected on
the defense (FEBA GOLD) and attack (ATTACK) exercises for the
second training group participating in system definition research.
As mentioned earlier, this was an ad hoc group composed of officers
stationed at the U.S. Army Armor School. This group developed its
own operation plans for the FEBA GOLD and ATTACK scenarios. The
simulated executions of the defense and attack lasted for approxi-
mately 209 and 199 minutes, respectively.

PLAYERS' DECISIONS

Data on the last three issues were based on the FEBA GOLD
and ATTACK exercises for the third and fourth training groups.

The third group, which participated in Defense - 1 and Attack - 1
(as denoted earlier), was a battalion-level command group from

the 197th Infantry Brigade. The fourth training group participated
in Defense - 2 and Attack - 2., This group was an incumbent command
group of a battalion of the National Guward.

The player group participating in “efense - 1 executed the
canned operation plan, with minor modifications. Defense - 1
lasted for approximately 130 minutes. The group developed and
executed its own operation plan for Attack - 1, which lasted for
approximately 175 minutes.

The player group in Defense - 2 implemented the canned

operation plan for FEBA GOLD. Defense - 2 lasted for approximately
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158 minutes. Prior to Attack - 2, the group developed its own
operation plan. Attack - 2 was executed over a period of

approximately 205 minutes.
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APPENDIX B
CONTROLLER-TO-PLAYER

COMMUNICATIONS
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Controller-to~Player Communications:
Observation Procedures

GENERAL APPROACH

For two training exercises, the performances of each of two
controllers serving as forward company (or team) commanders were
independently observed by a researcher. The primary responsibi-
1lity of the observer was to closely track the performances of the
controller in order to collect two types of data. First, he was
to observe the activities of the controller in order to chart
the successive "activity patterns" of the controller. That is,
it was anticipated that during a training exercise, a controller
would engage in complex sequences of behaviors as he interacted
with the computer, communicated with players, executed his train-
ing responsibilities, etc. Eight such behavior sequences rele-
vant to information acquisition and communication were identified
and have been referred to as "activity patterns." As one cate-
gory of data, each observer was to follow a controller's per-
formance in order to identify and record the performances of the
controller in terms of the eight activity patterns. The second
category of data was directly associated with communications be-
tween the controller in his role as forward team commander and
the player battalion commander (CO) and operations officer (S3).
For purposes of this research, a communication was defined as
the verbal dialogue that took place between the initiation and
termination of a radio or telephone call to one or more of the

participants being observed. The observer was to identify
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each communication of the controller in his role as forward team
commander with the player CO and/or S3 and to collect designated
data that would facilitate a later analvsis of the content of
the communication. It should be noted that the communications
between the observed controllers and the player CO and $3 were

tape recorded in order to conduct the content analvsis,

OBSERVATION GUIDELINES

The guidelines for the observers consisted of definitions
and examples of the eight ;ctivity patterns, definitions of the
communications data to be collected, and a set of procedural
rules.

Activitv Patterns

Communications with Plavers/Controllers via Radio, Telephone,

Intercom, or Face-to-Face --- This activity pattern includes anv

combination of the performances of the controller involved in
(a) the initiation of radio/telephone/intercom/face-to-face
messages, (b) the receipt of such messages, (c) as well as the
verbal interactions of the controller in communicating with
other controllers or with anv plaver except the Bn CO or S3.

Performances representing this activity pattern fnclude the
following:

1. verbal interaction with a plaver/controller, other than
the player CO and S3 (except for those communications speci-

fied in other activity patterns below)
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2, pressing a communications button (radio, telephone, or
intercom) on the communications panel to iniciate or receive a
communication, followed by verbal interaction with players/con-
trollers other than the player CO and S3 (except for those
communications specified in other activity patterns below).

3. tasks 50 and 53-=57 in the Interim Controller Handbook .

Communications with the Player CO and S3 via Radio or

Telephone --- This activity pattern is represented by (a) any
combination of performances involved in the initiation or re-
ceipt of radio/telephone messages as well as (b) the verbal
interactions of the controller when communicating with the
player Bn CO and/or S3.

Performances representing this activity pattern include the
following:

1. verbal interaction with the player CO and/or S3 over
the radio or telephone.

2. pressing a communications button on the communications
panel to initiate or receive a communication, which may be
followad by the type of communication just described.

3. tasks 50 and 53-57 in the Interim Controller Handbook.

RATT Messages --- This activity pattern subsumes any combi-
nation of the performances involved in the development, receipt,
and/or management of RATT messages.

Performances in this pattern include the following:

1. attending to a RATT message that appears on the A/N monitor.
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2. pressing buttons (keys) on the A/N keyboard to create
or transmit a RATT message.

3. communication to the controller managing the A/N key-
board in which the creation and/or transmission of a RATT message
is requested.

4, tasks 37-39, 47, and 48 in the Interim Controller Hand-
book.

Alert Messages --- This activity pattern is represented by
any combination of the performances of the controller involved
in the receipt, saving (storage), recall, printing, and/or
deletion of alert messages received on the A/N monitor.

Performances representing this activity pattern include the
following:

1. attending to alert messages that are displayed on the
A/N monitor.

2. use of the A/N keyboard and A/N monitor to delete, save,
recall, or print an alert message.

3. communications to the controller managing the A/N key-

board in which the deletion, storage, recall, or printing of an

alert message is requested.

4. tasks 41-44 in the Interim Controller Handbook.

Special Status Reports --- In this category are included

any combination of the performances of the controller involved

in eliciting, reading, and/or deleting special status reports

on the A/N monitor.
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Performances representing this activity pattern include the
following:

1. attending to a special status report displayed on the
A/N monitor.

2. use of the A/N keyboard and A/N monitor to call up or
print a special status report on the A/N monitor.

3. reading a printed special status report.

4. communication to the controller managing the A/N
keyboard in which the elicitation or printing of a special
status report is requested.

5. task 40 in the Interim Controller Handbook.

Command and Control Inputs --- This pattern includes any

combination of the performances of the controller involved in
making a command and control input.

Performances representing this activity pattern include the
following:

1. use of the graphic monitor and analogue pen to make a
command and control input.

2. communications with the controller entering command and
control inputs in which a controller either supplies information
about a command and control input or requests that a command and
control input be made.

15-Minute Status Report --- This activity pattern is re-

presented by any combination of the performances of the controller
involved in the acquisition of information from a 15«minute

summary.
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This activity pattern is represented by such performances
as the following: 1
2
1. reading a 15-minute status report. :
2. communications in which a controller requests access to i

or information from a 15-minute status report.

Monitor the Situation --- This activity pattern includes any

combination of performances of the controller involved in either
or both (a) monitoring any communication in which he is not a
participant and (b) displaying and attending to the graphic
monitor except for the purpose of making command and control

inputs.

In this research, Monitor the Situation is considered to be

the "steady-state" performance of a controller so that in the
absence of performances indicating another performance category

(i.e., activity pattern), the controller is likely engaged in

performances representing this activity pattern.

Communications Data

During the training exercises, the following data were
collected about each communication of the player CO and/or S3
with the observed controllers in their roles as forward team
commanders:

1. time of communication --- the game time in minutes in
which the communication was initiated.

2. communications net --- the radio or telephone channel

over which the communication was transmitted.
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3. {initiator of communication --~ the person by role
(that is, player or controller) who initiated the communication.

4, role of player --- the position(s) of the player(s) in
the command group (that is, the CO and/or S3) involved in the
communication.

5. player requested information --- whether the player
requested information of any type from the controller or requested/
directed/commanded the controller (in his role as subordinate team
commander) to take actions to acquire information.

6. controller provided information --- whether the controller
(in the relevant military role) described events in the tactical
operation or relayed a decision, request, conclusion, inference,

etc., relevant to the tactical situation.

7. controller sought information during the communication ---
whether after a communication had been initiated, the controller
sought information bearing on the communication from one of the
information sources available to him (graphics, alerts, special
status reports, 15-minute summaries, a player not directly in-
volved in communication, another controller, or his notes).

8. computer down times —--- game time in minutes at which the
math model halted computation because of an apparent malfunction
in the computer system and the length in minutes of interrupted

calculation.
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. rocedural Instructions

The observers had been oriented to the CATTS systems. Prior
to the start of an exerciese, they alsoc attempted to become
familiarized with the operation plans/orders for the exercise.
Otherwise, the observers were guided by the following instructions
in collecting observational data on activity patterns and control-
ler-to-player communications:

1. Monitor all the behaviors of the controller in all of the
military roles played by him in order to identify the activity
pattern that best describes his performance at a given point dur-
ing the exercise and to chart the changes in his activity patterns
throughout the exercise.

2. The activity patterns that could describe the performance
of the controller at any point of the exercise have been defined
earlier. When the controller is engaged in any combination of
the performances representing the activity pattern, his perform-
ance is described by that activity pattern.

a. All activity patterns, with the exception of Monitor the

Situation, tend to be represented by overt performances. Use the

overt performances to determine which activity pattern best
describes the controller's performance.

'b. If the controller does not exhibit performances represent-
ing an activity pattern, his performance is to be classified as

Monitor the Situation.
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3. A controller may appear to be engaged in more than one
activity pattern at the same time.
a. The following types of overlaps in activity patterns
appear to be most likely:
(1) the controller is engaged in one of the communica-
tion activity patterns and a non-communication activity.

(2) the controller is engaged in Monitor the Situation

and another activity pattern. b

%4

b. The controller's performance is to be classified in the i
communication activity pattern when performances representing
this pattern overlap with any non-communication performance. |

c. If the controller's performances are such that they could

be classified as representing either Monitor the Situation or

another activity pattern, his performance at that time is to be
classified as representing the other activity pattern.

4, A controller's activity pattern changes when the per-
formances representing one pattern terminate and then the perform-
ances exemplifying a new pattern are exhibited.

a. Accordingly, the general ruie is that an activity pattern
does not e¢hange until performances representing one activity
pattern cease and those representing another pattern are initiated.

b. The general rule just presented for identifying changes in
activity patterns holds except for‘those instances in which the
performances representi~g one activity pattern have terminated and

are not followed by uvert performances representing another
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pattern. In such instances, the controller's activity pattern

changes to Monitor the Situation.

5. 1If an activity pattern is interrupted or broken by
performances representing another activity pattern, the controller's
activity pattern has changed from the original activity pattern
to the cne that interrupted it. If performances representing the
broken pattern are resumed, the controller's activity pattern .
has again changed back to the original one.

6. Use the checklist provided to chart the sequences of the

T TN T e

1
controller's activity patterns . Chart the changes that occur

until performances representing Communications with the Player

CO and S3 via Radio and Telephone occur.

7. For each Communication with the Player CO and S3 via

Radio and Telephone, respond to the items orn the communications

observation form. The items on the communications observation
form were defined earlier.
8. Between each communication with the player CO and S3,

continue to chart the activity patterns of the controller,

lThe collection .form for data on activity patterns was used as

follows: (1) numbers were recorded from left to right in the cells

next to an activity pattern to indicate the sequence in which activity -
patterns occurred; (2) the game time was used to indicate the first

activity pattern, and successive integers beginning with 2 were

used to indicate each successive activity pattern until a communi-

cation with the player CO/S3 occurred; (3) after the communication

terminated, charting was resumed as just described in (2). Thus,

activity patterns during communications were not necessarily

recorded.
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Attachment 1 to Appendix B:
Tasks from Interim Controller Handbook

Task 37
Transmit a "canned" message to the trainee via RATT.

To complete this task the following sequence of operations must

be performed:

1. Depress the RATT ON/OFF A/N function key.

2. Read the instructions which appear on the A/N CRT.

3. Type in the CATALOG NUMBER of the canned message.

4. Edit the message if this 18 required.

S. Position the A/N cursor at the far left on the line immediately
following the last line of the message.

6. Depress the ON LINE A/N function key.

7. Depress the RATT ON/OFF A/N function key.

8. Read the instructions that appear on the A/N CRT.

9. Type in the instruction SEND.

10. Depress the NEW LINE A/N function key.

Task 38

Transmit the current ALERT message to the trainee via RATT.

To complete this task the following sequence of operations must be

performed:

1. Depress the RATT ON/OFF A/N function key.

. Read the instructions which appear on the A/N CRT.

. Type in the instruction ZERO.

. Edit the message if this is required.

. Position the A/N cursor at the far left on the line immediately
following the last line of the message.

e

6. Depress the ON LINE A/N function key.

7. Depress the RATT ON/OFF A/N function key.

8. Read the instructions that appear on the A/N CRT.
9. Type in the instruction SEND,

10. Depress the NEW LINE A/N function key.

2The task statements are taken directly from the Interim Controller
Manual: Draft (October 1974) prepared by personnel from the

Columbus Office of HumRRO in conjunction with the CATTS Directorate.

89



PO W IR amadad

v g P

Task 39

{ Transmit an original messege to the trainee via RATT.

To complete this task the following sequence of operations must be
performed:

Depress the RATT ON/OFF A/N function key.

2. Read the instructions which appear on the A/N CRT.

3. Type in NONE.

4. Type in the original message.

5. Position the A/N cursor at the far left on the line immediately
following the last line of the message.

6. Depress the ON LINE A/N function key.

7. Depress the RATT ON/OFF A/N function key.

8. Read the instructions that appear on the A/N CRT.

9. Type in the instruction SEND.

10. Depress the NEW LINE A/N function key.

Task 40

Call up a special status report for a designated unit.

To complete this task the following sequence of operations must be

performed:

1. Depress the SPECIAL STATUS REPORT key on the A/N Keyboard.
2. Type in the unit name and designation.

3. Depress the NEW LINE key on the A/N Keyboard.

Task 41

Recall an ALERT message.

To complete this task the following sequence of operations must be

performed:

1. Depress the SCAN key on the A/N Keyboard.

2. Observe the current message block on the A/N CRT.

3. Wait until the desired ALERT message uppears in the current
message block on the A/N CRT and then perform the desired
operation (Drop or Print).

4. Depress the SCAN control to return conditions to the state

!n'. -
P

they were in prior to first activating the SCAN key.
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Task 42

Delete a message displayed on the A/N CRT.

To complete this task the DROP key on the A/N Keyboard i{s depressed.

Task 43

Save a current ALERT message.

To complete this task the SAVE kev on the A/N Keyboard is depressed.

Task 44

Print a message displayed on the A/N CRT,

To complete this task the PRINT key on the A/N Keyboard is depressed.

Task 47

Create a 'canned" RATT message.

To complete this task the following sequence of operations must be

performed:

1. Type in the instruction SAVE,

2. Depress the NEW LINE A/N function key.

3. Responding to the computer generated message asking about the
message's assigned CATALOG NUMBER, tvpe in the CATALOG NUMBER.

4. Depress the NEW LINE A/N function kev.

Task 48

Instruct the computer to Forget a Message Entered on the A/N CRT,

To complete this task the following requirements of operation

must be performed:

1. Type in the instruction FORGET

2. Depress the NEW LINE A/N function key.

Task 50

Communicate via radio.

To complete this task the following sequence of operations is

performed:

1. Engage the MONITOR control corresponding to the channel on
which the communication is to occur,

2., Depress the TRANSMIT MOMENTARY PUSHBUTTON in the desired mode

of communication (clear or secure) which corresponds to the
channel on which communication i{s to be conducted.
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Task 50 Cont'd

3. Depress the transmission foot pedal to transmit.

4, Transmit your message according to Army SOP.

5. Release the transmission foot pedal to receive.

6. Continue the transmission/reception sequence until communication
has been established or it is determined that the transmission
can not be completed.

Task 53

Communicate from a Controller Console via telephone/intercom with
a trainee or controller/aide.

To complete this task the following sequence of operations must be

performed:

1. Depress the console INCOMING/OUTGOING pushbutton control.

2. Employ the TELEPHONE DIALING PUSHBUTTONS to dial the code
corresponding to whom it is desired to communicate.

3. If the called station's telephone/intercom is in use, a busy
tone will be heard for 5 seconds, after which the dialing
procedure is again initiated.

4. Continue the dialing sequence until communication has been
established or it is determined that the communication cannot
be completed.

Task 54

Receive a communication from another controller/aide via Telephone
Intercom

To complete this task depress the INCOMING/OUTGOING pushbutton.

Task 55
Receive a communication from a trainee via telephone.

To complete this task the following sequence of operations must be

performed:

1. Depress the console INCOMING/OUTGOING control.

2. Employ the TELEPHONE DIALING SWITCHES to dial the trainee's
dialing code.

Task 56

Clear a Telephone Circuit.

To complete this task depress the CLEAR control on the console.
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Task 57
Switch an Incoming Telephone Transmiasion.

To complete this task the following sequence of operations must be

performed:

1. Depress the switchboard INCOMING/OUTGOING pushbutton,

2. Accept the request for connection to another (other) individual(s).

3. Employ the TELEPHONE DIALING SWITCHES to dial in the dialing code
for the individuals with whom it i{s desired to communicate.

4, Depress the CLEAR control on the console.
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Controller-to-Player Communications:
Collection Form for Activity Patterna

ACTIVITY PATTERN SEQUENCE

Monitor Situation

Controller (other
than CO & S3

Commo with Player/ f

# 4T T

e

Alert Messages

Spec Status Rpts Blue

Red

Ratt Messages

s

15 Min Sum

Command & Control ¥
Inputs
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Controller-to-Player Communications:
Collection Form for Communications Data

Game Time:

Commo Net:

Initiator:

Role of Player:

Player Requested

Info:

Controller Provided
Info:

Controller Sought
Info during
Commo:

Computer Down
Time:

Bn Comd Net

Other Radio

Player

Controller

Bn CO

Bn S3

Graphics
Alerts

Spec Status

15-min Sum

Game Time:

Mins Dowmn:

Te lephone

Telvphone

Canned:

Another Player

Controller

Controller
Notes
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Controller-to-Player Communications:
Content Analysis Procedures

General Approach

During two training exercises, each of two controllers
serving as forward team commanders were observed in order to

collect data on their communications to players and’ the relation-

ship of their communications to outputs of the computer (see :
Controller-to-Player Communications: Observation Procedures). &4 }
These communications were also tape recorded. Later, the two u§;
observers independently analyzed the communications in order ’§i&
to collect more complete data in terms of the following h;&"

--=-the items of information communicated to players by

controllers in their military roles.

---the computer output sources that appeared to provide the
information communicated to players.

---the ways in which computer-generated information was
transformed in communicating it to players.
The guidelines for the content analysis are presented next.

Content Analysis Guidelines

1. The tape-recorded (and/or transcribed) communications are
to be reviewed in their order of occurrence.

a. As usel here, a communication consists of all the verbal S

dialogue that takes place between the initiation and termination

of a radio or telephone call to one or more participants in CATTS. H
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b. The communications selected for analysis are to be
analyzed in the sequence of their occurrence on the tape (or

transcript), i.e., as they occurred during the exercise. However,

review all communications that took place prior to each communi-
cation before analyzing 1t.

c¢. The following materials are to be available during the

Wy et

review:
¥
1 1 (1) print outs of alert messages generated during the
: exercise,
i (2) print outs of all 15-minute summaries provided
i during the exercise.
{ (3) forms on which the activity patterns of the controllers
b had been recorded,
(4) the listing of computer outputs,
F. (5) copies of the form for recording judgments about
! selected communications,
- (6) a listing of the communications to be analyzed, and
! (7) code sheets of the tape recordings.
g 2. For each communication selected for analysis, data like

that collected during the exercise are to be recorded. These data

are as follows:

a. Initiator of communication

(1) the intitator is the role or person (controller or

player) referenced by the call sign of the initiator of the

transmission.
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(2) 1indicate whether the plaver or controller was the

fnitiator.

b. Role of plaver

(1)  the role(s) of the plaver(s) involved in the
communication are the role(s) referenced in the call sign(s) of
the plaver(s) in the communicatiaon.

(2) 1indficate whether the Bn CO, $3, or both were refer- -
enced in the communication.

c¢. Plaver requested information

(1) a plaver requested information during the communica-

P
ey

tion {f he requested the controller for information of any type
or if he requested/commanded/ordered the controller to take actions
to acquire information.

(2) place a check mark in the blank on the analvsis form
if a plaver requested information.

d. Controller provided information

(1) the controller provided information to the plaver if
during the communication, he described events in the tactical
operation or {f he relayed a decision, request, conclusion, infer-
ence, etc., relevant to the tactical situation.

(2) place a check in the appropriate blink if the con-

troller provided information to the plaver.
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e. Player directed action

(1) the player directed action during the communication
if he directly requested/commanded the controller to do something
with respect to the tactical situation or if he announced a
decision that implied actions for the controller in his role as
forwatd company/team commander.

(2) place a check in the appropriate blank to indicate
whether the controller directed action.

3. After recording the data described in paragraph 2, the

computer output sources on which information provided to players

by controllers was potentially based are to be identified. This

will involve three steps.

a. First, identify and record the separate topics or
items of the information provided to a player by a controller
in a communication. Record as many separate items as you judge
are contajined in the communication.

b. Second, for each item in the communication, make an

identification of the computer outputs (if any) that, in your

judgment, appear to be reflected in {it.

(1) outputs of the computer are reflected in a communi-
cation under one or both of two conditions: first, the communi-
cation of the item directly expresses all or part of one or
more computer outputs or, second, the communicated item re-
presents information (e.g., conclusion, implication) that could
have been at least partly derived or formed from one or more

outputs.
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(2) the attached 1ist 3 summarizes output from the
computer. Use the listed outputs and other unlisted outputs
to determine the outputs reflected in the item.

¢, Third, for each item that appears to reflect one or
more computer outputs, determine the potential source(s) of the
outputs. For the purposes of this study, there are four possible
sources of a computer output: graphics (g), alert messages (a),
special status reports (s), and 15-minute summaries (15).

(1) to make this determination, consider each »utput
that you believe to have been reflected in the communicated
item, Use the attached list of computer outputs and your
knowledge of the system tu make a tentative identification of the
source(s) --- g, a, 8, and/or 15 --- that could have provided the
outputs reflected in the communication.

(2) based on this identification, use the controller's
activity pattern forms and computer printouts of alerts to deter-
mine whether he had consulted each of the potential sources of
an output,

(3) 1if the possible source of an output was graphics
and if the controller engaged in the activity pattern related

to graphics during the five-minute period preceding communication

of the subject, it will be assumed that the controller potentially
had access to the relevant output(s) through graphics. Under this
condition, record g beside the subject to indicate that graphical
information was a potential source of the output(s) reflected in

the communication.

;Attachment 2 to Appendix B.
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(4) {f alert memmapge(n) wan (were) a likely mource of
an output reflected in a communication, {t will be ammumed that the
controllier had accemn to the output {f within the five-minute
period preceding the commumication both the relevant alert
mesnage(n) was (were) dimplaved and the controller engaged in
the activity pattern related to alerts, Thus, record a beside the
{tem to indicate that alert meamnmage(s) wan (were) a mource of
the output {f two conditionn are mett f{rst, the controller en-
paged {n the alert activity pattern during the five-minute period

preceding the commumnication and, second, through a mearch of the

printed alerts, you find one or more relevant alert memragen that

had been displayed during the mame periud.

(5) record s beside the {tem to indicate that a
apecial status report was a likely mource {f the controller en-
gaged in the activity pattern related to apecifal atatus reports
during the five-~minute period preceding the commmication,

(6) record 15 bemide the ftem to indicate that the
15-minute summary(fen) had been a likely srource {f the controller
had engaged in activitier related to 15-minute summaries within
a perfod of 15 minuteas prior to the communication and {f a summary
ava{lable during that perfod (i.e., printed prior to the commun{-
catfon) contained the relevant {nformation,

(7) according to the above procedures, more than one

source may be recorded for each ftem,
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(8) 1if based on the above procedures, it does not
appear that the controller consulted a relevant source for an
output, record No beside the item,

4, 1ldentify ways in which the controller altered information
in computer outputs in communicating to the players.

a. to identify alterations, compare the outputs (reflected
in a communication) as presented by the computer to the controller's
communication in which the outputs were reflected.

(1) 1if the source of the output(s) was alerts and/or
15 minute summaries, read the relevant outputs actually provided
by the computer (as identified through the procedures described
in paragraph 3) in conjunction with the communication,

(2) 1f the source was graphics and/or special status
reports, recall to the extent possible the manner in which the
information expressed in the communication would have been dis-
played on the graphic monitor or in the special status report in
the five-minute period preceding the communication.

b. Review all outputs related to a communication. Then judge
which (1f any) of the following describe differences between any
of the outputs and the related information transmitted in the

communication:

(1) form alteration --- the information communicated to

the player was essentially the same in denotative meaning as the

output; however, it was expressed in a different manner or form.

For example, the controller accurately transmitted information

supplied by the computer but added expressive qualifiers
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(e.g., "I'm in real trouble; I have lost __ number men.")
that did not supply additfional (in terms of type or detail)
information about the tactical situation.

(2) altered detail --- the information in the communigca-

tion was not at the same level of detail as that in the computer.

Examples of differences in detail are: model outputs described
platoons whereas the controller reported information about
companies (or vice versa); a computer output described the types
of equipment lost whereas the controller reported only that
"equipment" was lost; or the model depicted a red platoon against
a blue unit whereas the controller communicates the number and
type of personnel and equipment in the red platoon.

(3) deletion of information --- the computer output(s)

consulted by the controller provided information about parameters

uot transmitted to the player(s). An alert message, for example,

might indicate the rate at which a unit {s moving whereas the
controller communicated only that the unit "is moving".

(4) addition of information --- the outputs consulted

by the controller provided the types of information communicated

to the player; however, the controller added information about

variables not represented in the output itself. Based on graphic

information, for example, the controller might report the sighting
of a red unit., 1In addition, he reports that the platoon {s
"dug in", information not provided by the graphic monitor.

¢. List any of the alterations detected i{n a communication.
Beside the alteration, cite the subjects in which the output was

altered. 103
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10.
11,

12,

14.

15.
16.

17.

18.

19.
20.
21.
22.

23.

Attachment 2 to Appendix B:
Summary of Computer Outputs

location of FRONT-LINE TRACE (g)

location of OBSTACLE (g, a)

reaching an OBSTACLE and/or delays caused by it (g, a)

entering a MINEFIELD and/or losses incurred (g, a, s)

location of a UNIT (g, a, s, 15)

AREA OCCUPIED by a unit (g)

location of COMMAND POST (g)

DIRECTION OF MOVEMENT of a unit (g)

changes in a unit's RATE AND/OR MODE of travel (a, s)

location
location
location
location

location

and/or
and/or
and/or
and/or

and/or

coverage

coverage

coverage

coverage

coverage

of GROUND RADAR DEVICES (g)
of GROUND SENSORS (g)

of OBSERVATION POST (g)

of NIGHT VISION DEVICES (g)

of AIRBORNE SFENSORS (g)

VISUALLY DETECTING a unit at a designated location/time (a)

RADAR DETECTION of a unit at a designated location/time (a)

DETECTION of a unit at a designated location/time by UNATTENDED
GROUND SENSORS (a)

DETECTION

po<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>